Mississippi State University

Scholars Junction
Theses and Dissertations

Theses and Dissertations

8-14-2015

Factors Influencing Honey Bee Abundance across Agricultural
Landscapes in the Midsouth
Daniel Adam Whalen

Follow this and additional works at: https://scholarsjunction.msstate.edu/td

Recommended Citation
Whalen, Daniel Adam, "Factors Influencing Honey Bee Abundance across Agricultural Landscapes in the
Midsouth" (2015). Theses and Dissertations. 2214.
https://scholarsjunction.msstate.edu/td/2214

This Graduate Thesis - Open Access is brought to you for free and open access by the Theses and Dissertations at
Scholars Junction. It has been accepted for inclusion in Theses and Dissertations by an authorized administrator of
Scholars Junction. For more information, please contact scholcomm@msstate.libanswers.com.

Automated Template B: Created by James Nail 2011V2.1

Factors influencing honey bee abundance across agricultural landscapes in the Midsouth

By
Daniel Adam Whalen

A Thesis
Submitted to the Faculty of
Mississippi State University
in Partial Fulfillment of the Requirements
for the Degree of Master of Science
in Agricultural Life Science
in the Department of Biochemistry, Molecular Biology, Entomology and Plant Pathology
Mississippi State, Mississippi
August 2015

Copyright by
Daniel Adam Whalen
2015

Factors influencing honey bee abundance across agricultural landscapes in the Midsouth
By
Daniel Adam Whalen
Approved:
____________________________________
Angus L. Catchot Jr.
(Co-Major Professor)
____________________________________
Jeffrey Gore
(Co-Major Professor)
____________________________________
Jeffrey W. Harris
(Committee Member)
____________________________________
Fred R. Musser
(Committee Member)
____________________________________
Natraj Krishnan
(Committee Member)
____________________________________
Michael A. Caprio
(Graduate Coordinator)
____________________________________
George M. Hopper
Dean
College of Agriculture and Life Sciences

Name: Daniel Adam Whalen
Date of Degree: August 14, 2015
Institution: Mississippi State University
Major Field: Entomology
Major Professors: Dr. Angus L. Catchot Jr. and Dr. Jeffrey Gore
Title of Study:

Factors influencing honey bee abundance across agricultural landscapes
in the Midsouth

Pages in Study: 118
Candidate for Degree of Master of Science
Populations of honey bees have declined worldwide in recent years. One
suspected cause is the widespread use of pesticides in agriculture. Experiments were
conducted to examine potential exposure routes of pesticides to honey bees in the
Midsouth. Neonicotinoid seed treatment compounds were studied to determine the rate
at which they drift during planting and the rate at which they diminish in crop tissue
during crop development. Honey bee foraging activity in Midsouth crops was observed
to determine when and at what densities foraging honey bees could be active during
pesticide applications. This project was designed to aid in understanding the risks that
pesticides could potentially pose to honey bees in the Midsouth.

DEDICATION
I would like to dedicate this thesis to my parents, Danny and Tammy Whalen.
Throughout my life you have provided love and support that cannot be explained. I
appreciate all that you have done for me. I would also like to dedicate this research to all
the mentors who provided me with direction and experience that stimulated my interest in
agriculture.

ii

ACKNOWLEDGEMENTS
First, I would like to thank my major professors, Dr. Angus Catchot and Dr. Jeff
Gore. Their direction and support have been invaluable to me throughout graduate
school. Having little experience in agriculture, I greatly appreciate the chance they took
on me and the opportunity they presented to me. The knowledge and experience I have
gained cannot be replaced. I have greatly enjoyed working and learning under their
advisement.
Secondly, I would like to thank Dr. Steve Martin and Dr. Scott Willard. Dr.
Martin encouraged me to pursue a career in agriculture and has been a great friend to my
family. I appreciate his help and guidance throughout this whole process Dr. Martin
introduced me to Dr. Willard, and Dr. Willard introduced me to the entomology program.
Dr. Willard’s willingness to help me chose a graduate school program, is the only reason
I am in entomology. Without Dr. Martin and Dr. Willard’s help, I would have never
pursued a career in agriculture and entomology.
Also, I greatly appreciate the work done by Dr. Gus Lorenz, Dr. Scott Stewart,
Dr. Don Cook, Dr. Fred Musser, Dr. Jeff Harris, and Dr. Krish Krishnan. I am so
thankful for their help and support. I would also like to thank my fellow graduate
students and all others who spent countless hours assisting with my research. Without
their help, this research would not have been possible.

iii

TABLE OF CONTENTS
DEDICATION .................................................................................................................... ii
ACKNOWLEDGEMENTS ............................................................................................... iii
LIST OF TABLES ............................................................................................................. vi
LIST OF FIGURES ........................................................................................................... xi
CHAPTER
I.

INTRODUCTION .............................................................................................1
Honey Bee ..........................................................................................................1
History..........................................................................................................1
Biology and Ecology....................................................................................1
Management Strategies ................................................................................4
Losses and Potential Causal Mechanisms....................................................4
Neonicotinoids ...................................................................................................5
Neonicotinoid Products and Usage ..............................................................5
Neonicotinoid Toxicity to Honey Bees........................................................8
Honey Bee Exposure to Pesticides ..................................................................10
Routes of Exposure to Neonicotinoid Seed Treatments ............................10
Honey Bees Usage of Agronomic Row Crops ..........................................13
Justification for Further Research ....................................................................14
References ........................................................................................................16

II.

DRIFT AND DEPOSITION OF NEONICOTINOID
COTAMINATED SEED LUBRICANTS ON WILD
FLOWERS ...........................................................................................21
Abstract ............................................................................................................21
Introduction ......................................................................................................22
Materials & Methods .......................................................................................25
Results ..............................................................................................................29
Discussion ........................................................................................................30
References ........................................................................................................36

III.

NEONICOTINOID SEED TREATMENT MOVEMENT DURING
THE DEVELOPMENT OF MIDSOUTH CROPS .............................38
iv

Abstract ............................................................................................................38
Introduction ......................................................................................................39
Materials & Methods .......................................................................................42
Results ..............................................................................................................47
Discussion ........................................................................................................48
References ........................................................................................................64
IV.

POPULATIONS OF FORAGING HONEY BEES IN MIDSOUTH
CROPS .................................................................................................67
Abstract ............................................................................................................67
Introduction ......................................................................................................67
Materials & Methods .......................................................................................72
Results ..............................................................................................................74
Discussion ........................................................................................................75
References ........................................................................................................80

V.

SUMMARY .....................................................................................................83

APPENDIX
A.

SUPPLEMENTAL DATA FOR CHAPTER III .............................................85

v

LIST OF TABLES
1.1

Neonicotinoid usage as percent of total insecticides used in major crops ...........6

1.2

Toxicity of Neonicotinoids to Honey Bees expressed as LD501 .........................9

1.3

Concentrations of Neonicotinoid Compounds Known to Cause Harm
when Ingested by Honey Bees1 ..............................................................10

3.1

Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots at each sampled growth stage across all locations .........52

3.2

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed)
across all locations .................................................................................53

3.3

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed)
across all locations .................................................................................54

3.4

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed)
across all locations .................................................................................55

3.5

Mean concentrations of neonicotinoids detected in soil from corn plots
at each sampled growth stage across all locations .................................56

3.6

Mean concentrations of neonicotinoids detected in cotton leaf tissue
from untreated plots at each sampled growth stage across all
locations .................................................................................................57

3.7

Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375
mg/seed) across all locations ..................................................................58

3.8

Mean concentration of thiamethoxam detected in cotton leaf tissue at
each growth stage for the Avicta® Duo seed treatment
(thiamethoxam 0.34 mg/seed) across all locations .................................59

3.9

Mean concentrations of neonicotinoids detected in soil from cotton plots
at each sampled growth stage across all locations .................................60
vi

3.10

Mean concentrations of neonicotinoids detected in soybean leaf tissue
from untreated plots at each sampled growth stage across all
locations .................................................................................................61

3.11

Mean concentration of thiamethoxam detected in soybean leaf tissue at
each growth stage for the CruiserMaxx® seed treatment
(thiamethoxam 0.0778 mg/seed) across all locations .............................62

3.12

Mean concentrations of neonicotinoids detected in soybean leaf tissue
from Poncho®/VOTiVO® (clothianidin 0.13 mg/seed) treated
plots at each sampled growth stage across all locations.........................62

3.13

Mean concentrations of neonicotinoids detected in soil from soybean
plots at each sampled growth stage across all locations.........................63

4.1

Planted area for major crops in the Midsouth for 2014......................................68

4.2

Honey Producing Colonies and their Value in States of the Midsouth for
2014. .......................................................................................................69

4.3

Percent Positive Detection of Foraging Honey Bees in each Crop at each
Time Interval ..........................................................................................77

A.1

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed) in
Starkville, MS.........................................................................................86

A.2

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed) in
Starkville, MS.........................................................................................87

A.3

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed) in
Starkville, MS.........................................................................................88

A.4

Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots in Starkville, MS at each sampled growth stage ............89

A.5

Mean concentrations of neonicotinoids detected in soil from corn plots
in Starkville, MS at each sampled growth stage ....................................90

A.6

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed) in
Stoneville, MS ........................................................................................91

vii

A.7

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed) in
Stoneville, MS ........................................................................................92

A.8

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed) in
Stoneville, MS ........................................................................................93

A.9

Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots in Stoneville, MS at each sampled growth stage ...........94

A.10

Mean concentrations of neonicotinoids detected in soil from corn plots
in Stoneville, MS at each sampled growth stage ....................................95

A.11

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed) in
Jackson, TN ............................................................................................96

A.12

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed) in
Jackson, TN ............................................................................................96

A.13

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed) in
Jackson, TN ............................................................................................97

A.14

Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots in Jackson, TN at each sampled growth stage ...............97

A.15

Mean concentrations of neonicotinoids detected in soil from corn plots
in Jackson, TN at each sampled growth stage ........................................98

A.16

Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375
mg/seed) in Starkville, MS .....................................................................99

A.17

Mean concentration of thiamethoxam detected in cotton leaf tissue at
each growth stage for the Avicta® Duo seed treatment
(thiamethoxam 0.34 mg/seed) in Starkville, MS..................................100

A.18

Mean concentrations of neonicotinoids detected in cotton leaf tissue
from untreated plots in Starkville, MS at each sampled growth
stage ......................................................................................................101

A.19

Mean concentrations of neonicotinoids detected in soil from cotton plots
in Starkville, MS at each sampled growth stage ..................................102
viii

A.20

Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375
mg/seed) in Stoneville, MS ..................................................................103

A.21

Mean concentration of thiamethoxam detected in cotton leaf tissue at
each growth stage for the Avicta® Duo seed treatment
(thiamethoxam 0.34 mg/seed) in Stoneville, MS .................................104

A.22

Mean concentrations of neonicotinoids detected in cotton leaf tissue
from untreated plots in Stoneville, MS at each sampled growth
stage ......................................................................................................105

A.23

Mean concentrations of neonicotinoids detected in soil from cotton plots
in Stoneville, MS at each sampled growth stage ..................................106

A.24

Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375
mg/seed) in Marianna, AR ...................................................................107

A.25

Mean concentration of thiamethoxam detected in cotton leaf tissue at
each growth stage for the Avicta® Duo seed treatment
(thiamethoxam 0.34 mg/seed) in Marianna, AR ..................................107

A.26

Mean concentrations of neonicotinoids detected in cotton leaf tissue
from untreated plots in Marianna, AR at each sampled growth
stage ......................................................................................................108

A.27

Mean concentrations of neonicotinoids detected in soil from cotton plots
in Marianna, AR at each sampled growth stage ...................................109

A.28

Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375
mg/seed) in Jackson, TN ......................................................................110

A.29

Mean concentration of thiamethoxam detected in soybean leaf tissue at
each growth stage for the CruiserMaxx® seed treatment
(thiamethoxam 0.0778 mg/seed) in Starkville, MS..............................110

A.30

Mean concentration of clothianidin detected in soybean leaf tissue at
each growth stage for the Poncho®/VOTiVO® seed treatment
(clothianidin 0.13 mg/seed) in Starkville, MS .....................................111

A.31

Mean concentrations of neonicotinoids detected in soybean leaf tissue
from untreated plots in Starkville, MS at each sampled growth
stage ......................................................................................................111

ix

A.32

Mean concentrations of neonicotinoids detected in soil from soybean
plots in Starkville, MS at each sampled growth stage..........................112

A.33

Mean concentration of thiamethoxam detected in soybean leaf tissue at
each growth stage for the CruiserMaxx® seed treatment
(thiamethoxam 0.0778 mg/seed) in Stoneville, MS .............................113

A.34

Mean concentration of thiamethoxam detected in soybean leaf tissue at
each growth stage for the Poncho®/VOTiVO® seed treatment
(clothianidin 0.13 mg/seed) in Stoneville, MS .....................................113

A.35

Mean concentrations of neonicotinoids detected in soybean leaf tissue
from untreated plots in Stoneville, MS at each sampled growth
stage ......................................................................................................114

A.36

Mean concentrations of neonicotinoids detected in soil from soybean
plots in Stoneville, MS at each sampled growth stage .........................115

A.37

Mean concentration of thiamethoxam detected in soybean leaf tissue at
each growth stage for the CruiserMaxx® seed treatment
(thiamethoxam 0.0778 mg/seed) in Marianna, AR ..............................116

A.38

Mean concentration of thiamethoxam detected in soybean leaf tissue at
each growth stage for Poncho®/VOTiVO® (clothianidin 0.13
mg/seed) treated plots in Marianna, AR...............................................116

A.39

Mean concentrations of neonicotinoids detected in soybean leaf tissue
from untreated plots in Marianna, AR at each sampled growth
stage ......................................................................................................117

A.40

Mean concentrations of neonicotinoids detected in soil from soybean
plots in Marianna, AR at each sampled growth stage ..........................118

x

LIST OF FIGURES
2.1

Mean concentrations of clothianidin detected at each distance
downwind of the planter .........................................................................32

2.2

Mean percent positive detection at each distance downwind of the
planter .....................................................................................................33

2.3

Mean concentration of clothianidin 5 meters downwind of the planter .............34

2.4

Mean concentration of clothianidin 100 meters downwind of the planter .........35

4.1

Mean number of foraging honey bees observed per hectare in each crop
at each time interval ...............................................................................78

4.2

Mean number of foraging honey bees observed per hectare at each
distance ...................................................................................................79

xi

CHAPTER I
INTRODUCTION

Honey Bee
History
The honey bee, Apis mellifera (L.), belongs to the family Apidae and the order
Hymenoptera (Triplehorn and Johnson 2005). It is native to Europe, Asia, and Africa
(Kluser et al. 2011). However, its distribution has expanded almost worldwide due to the
movement of bees by colonists for beekeeping (Winston 1991). It is believed that honey
bees were first brought to North America from England in 1622 (Smith 1977). They
were brought to the West Coast in California during the 1850’s (Crane 1992). Honey
bees are now kept all around the world as both a hobby and for commercial purposes.
Biology and Ecology
The honey bee colony consists of three castes: a reproductive female queen,
infertile female workers, and male drones (Avitabile 1992). Usually only one queen
reigns within each colony (Winston 1992). She is responsible for laying eggs and
controlling the activities of the colony through the use of secreted pheromones (Gary
1992). Thousands of workers within the colony perform numerous tasks that are
important to overall colony success (Winston 1991). Drones have the sole responsibility
of mating with the queen (Gary 1992). In the spring and summer, hundreds of drones
1

will mate with the queen and die soon after copulation (Winston 1992). All three castes
must complete their duties in order for the colony to be productive and survive (Winston
1992).
Queens and workers both develop from fertilized eggs (Avitabile 1992). Brood
are fed secretions from the hypopharyngeal and mandibular glands of adult worker bees
(Winston 1992). To develop queens, female larvae are heavily fed royal jelly (Winston
1991). The royal jelly is rich in mandibular gland products and sugars (Winston 1992).
All three castes have egg stages which last an average of 3 days (Winston 1992). Eggs
intended to become queens undergo an uncapped larval period of about 4.5 days
(Winston 1992). For queens the total development time is around 16 days (Winston
1992). Queens live the longest of the three castes, usually living from 1 to 3 years
(Winston 1992).
Workers hatch from fertilized eggs three days after being laid (Winston 1992).
Worker development consists of an uncapped larval period of about 5.5 days and an
average total development of 21 days (Winston 1992). Adult worker bees are smaller in
size and possess a modified-stinging ovipositor (Snodgrass 1956). Honey bee workers
perform several different tasks that are important to the colony. Tasks typically are
performed by different age groups of workers (Gary 1992). Worker tasks include cell
preparation, general nest sanitation, brood tending, queen tending, comb building, food
handling, ventilation, guard duty, orientation flights, and foraging (Gary 1992). Foraging
is the last task that a honey bee worker will perform before dying (Gary 1992). Workers
forage for pollen, nectar, water, and propolis (Winston 1991). The lifespan of emerged
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workers varies greatly. An emerged worker can live for only a few days to almost an
entire year (Winston 1992).
Drones are male honey bees that develop from unfertilized eggs (Avitabile 1992).
Drone development consists of an uncapped larval period of about 6.3 days with an
average total development of 24 days (Winston 1992). The drone is larger than worker
bees and are stingless (Snodgrass 1956). Upon mating with the colony queen, each drone
will die (Gary 1992). Drones usually only live for 21 to 32 days in the summer (Winston
1992).
Unmanaged honey bees usually build nests in tree cavities or in the walls and
ceilings of buildings (Winston 1991). Nests are comprised of comb made of wax
secreted from wax glands in the worker bees (Winston 1992). The combs are made up of
hexagonal-shaped cells mostly arranged parallel to each other (Dadent 1992). These
combs are used for brood development and for the storage of honey and pollen (Winston
1992). Honey is usually stored at the top of the comb (Dadent 1992). The brood is
centrally located in the comb and is surrounded by stored pollen (Winston 1992). Brood
cells come in three different sizes. Small cells are used for worker development (Dadent
1992). Larger cells are used for drone development (Dadent 1992). Queen cells hang
from the cone edge and are long and conical (Winston 1992). They are quickly destroyed
after queen emergence (Winston 1992). The established comb and nest can be used by
the honey bee colony for many years (Dadent 1992). Honey bees are easily coaxed into
building their nests in artificial wooden boxes making them easily managed by man
(Dadent 1992).
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Management Strategies
Honey bees are kept using different management strategies around the United
States. Some honey bees are managed to optimize the production of honey and beeswax
(Ambrose 1992). Honey bees can also be managed in a way to take advantage of their
pollinating ability (Hoopingarner and Waller 1992). They are used worldwide in
commercial insect pollination services and are responsible for the pollination of 71 of the
100 most common crops that account for 90 percent of the world’s food supply (Pilatic
2012). In 2000, the United States Department of Agriculture (USDA) estimated that
commercial honey bee pollination services contributed around $15 billion per year to the
U.S. economy (Pilatic 2012). Large trucks are used to transport colonies of bees around
the country to visit different crops at peak bloom (Hoopingarner and Waller 1992).
Honey bees can improve the quantity and quality of fruit production and assist in fruit
ripening uniformity (Hoopingarner and Waller 1992). Another way that bees are
managed is for the production of package bees and queens (Laidlaw 1992). Colonies can
be manipulated to produce excess queens and workers, and these bees can be sold to
beekeepers to help in the continuation of their own colonies (Laidlaw 1992).
Losses and Potential Causal Mechanisms
The United States has seen honey bee populations decline by an average of 1
percent per year since 1947 (Meixner 2010). Colony losses have averaged 17 percent to
20 percent per year since the 1990s (Johnson 2010), but colony losses ranged from 29
percent to 36 percent per year from 2006 to 2010 (vanEngelsdorp et al. 2007,
vanEngelsdorp et al. 2008, vanEngelsdorp et al. 2010, vanEngelsdorp et al. 2011). A
survey of beekeepers managing 25.5 percent of U.S. colonies reported 30.6 percent of
4

colonies in the United States were lost in the 2012-2013 winter and a 45.2 percent loss of
U.S. colonies during the entire year (Steinhauer et al (2014). In a survey of beekeepers
managing 19 percent of U. S. honey bee colonies for the 2013-2014 year, Lee et al (2015)
reported a 23.7 percent loss of colonies over the winter and a 34.1 percent loss of
colonies on the year. Since 2004, North America has had fewer managed pollinators than
at any other time in the last 50 years (Kluser et al. 2011). Of these colony losses, only
some of these losses are considered to be attributed to Colony Collapse Disorder
(vanEngelsdorp et al. 2010).
The term “Colony Collapse Disorder” was first established by United States
honey bee researchers in 2006 (Pilatic 2012). The main indicator of this disorder is an
absence of adult bees within the hive and no sign of dead bees in the area (Johnson 2010).
Usually the hive will contain adequate supplies of food, brood, and the queen is still
present within the hive (Kluser et al. 2011). Colony collapse disorder is believed to be
caused by a multitude of factors which include: pathogens, parasites, environmental
stressors, bee management stressors, poor nutrition, and pesticides (Johnson 2010). Of
these factors, pesticides, largely systemic pesticides, receive most of the blame
(Hopwood et al. 2012).
Neonicotinoids
Neonicotinoid Products and Usage
One class of systemic insecticide that is commonly suggested to potentially have
an impact on Colony Collapse Disorder is the neonicotinoids. These compounds are used
extensively in agriculture, turf and ornamentals operations, and forestry (Pilatic 2012).
Neonicotinoids are widely used in row crop agriculture systems as both seed treatments
5

and foliar sprays (Millar and Denholm 2007). There are six neonicotinoid compounds
that are commonly used in crop production systems: imidacloprid, clothianidin,
thiamethoxam, dinotefuran, acetamiprid, and thiacloprid (Hopwood et al. 2012). Around
143 million acres of the 442 million acres of cropland in the United States is treated with
at least one of the three neonicotinoids: imidacloprid, clothianidin, or thiamethoxam
(Pilatic 2012). In 2006, 17 percent of worldwide insecticide sales belonged to
neonicotinoids totaling $1.6 billion (Hopwood et al. 2012). From 2010 to 2012,
neonicotinoids were the most used class of insecticides in corn, sorghum, wheat, and
soybean (Table 1.1, AgInfomatics 2014b).
Table 1.1

Neonicotinoid usage as percent of total insecticides used in major crops

Crop
Corn
Sorghum
Wheat
Soybean
Cotton
Source: AgInfomatics 2014b

Percent of Total Insecticides Used on Crop
85%
78%
72%
60%
30%

In 1985, imidacloprid became the first of the neonicotinoid insecticidal
compounds to be patented by Bayer Crop Science and was first marketed in 1991 (Millar
and Denholm 2007). Imidacloprid is a first generation neonicotinoid along with
nitenpyram and acetamiprid (Maienfisch et al. 2001). Nitenpyram was launched by
Takeda in 1995, and acetamiprid was launched by Nippon Soda in 1996 (Maienfisch et
al. 2001). Thiamethoxam, a second generation neonicotinoid, was first marketed by
Syngenta Crop Protection in 1998 (Maienfisch et al. 2001). Thiacloprid was first
marketed by Bayer in 2000 (Millar and Denholm 2007). In 2002, Takeda and Bayer
6

introduced clothianidin into the market (Millar and Denholm 2007). Dinotefuran was
introduced in 2002 by Mitsui (Millar and Denholm 2007).
The popular seed treatment products Gaucho® (imidacloprid, Bayer CropScience,
Research Triangle Park, NC), Poncho® (clothianidin, Bayer CropScience, Research
Triangle Park, NC), and Cruiser® (thiamethoxam, Syngenta Crop Protection,
Greensboro, NC) all contain neonicotinoid compounds (Hopwood et al. 2012).
Neonicotinoids work by binding to postsynaptic nicotinic acetylcholine receptors and
preventing the action of acetylcholine (Maienfisch et al. 2001). This results in persistent
excitation of the nerves and leads to paralysis and death (Hopwood et al. 2012). This
damage is cumulative and irreversible (Tennekes 2010). Neonicotinoids are used in row
crop agricultural systems to target a broad range of commercially important pests
including piercing and sucking insects, coleopteran pests, and some lepidopteran species
(Maienfisch et al. 2001). Neonicotinoids provide growers with increased yields
compared to untreated crops (AgInfomatics 2014a). In a meta-analysis study of 1,500
field trials in North America over 20 years evaluating the yield effects of neonicotinoids,
AgInfomatics (2014a) reported yield increases ranging from 3.6 to 71.3 percent in eight
major crops that included: corn, soybean, wheat, cotton, canola, sorghum, potato, and
tomato. Soybean was the only crop to not show a double-digit percentage increase in
yield with the use of neonicotinoids (AgInfomatics 2014a). Neonicotinoids are an
important tool in North American integrated pest management systems and have shown
to increase yields in major crops across North America over the last 20 years
(AgInfomatics 2014a).
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Neonicotinoid Toxicity to Honey Bees
Toxicity can be divided into three levels of exposure. Acute toxicity is a single
one time exposure to a chemical (Hopwood et al. 2012) either by contact or ingestion
resulting in death (Pilatic 2012). Sub-lethal toxicity is the exposure to a compound at a
dose that does not cause death, but may cause harmful effects (Hopwood et al. 2012).
Chronic toxicity is the exposure to sub-lethal concentrations over a long period of time
(Hopwood et al. 2012). The concern with neonicotinoids and honey bees is not with
acute toxicity, but rather with sub-lethal doses being accumulated within the hive and
causing chronic exposure (Krupke et al. 2012).
Toxicity can be measured in two units. An LD50 is a dose that results in mortality
of 50 percent of the exposed population that can be expressed in mg/kg or in honey bee
terms ng/bee (Hopwood et al. 2012). With an oral LD50, the toxicant is ingested;
whereas, a contact LD50 measures the toxicity of a toxicant applied topically (Hopwood
et al. 2012). An LC50 is the concentration of a chemical that results in 50 percent
mortality of the test population (Hopwood et al. 2012). These are measured in either
parts per million (ppm) or parts per billion (ppb) (Hopwood et al. 2012). The lower the
LD50 or LC50, the more the toxic the compound (Hopwood et al. 2012).
Neonicotinoid insecticides can be divided into two subclasses: nitroguanidines
and cyanoamidines (Fischer and Chalmers 2007). Imidacloprid, clothianidin,
thiamethoxam, and dinotefuran belong to the nitroguanidine subclass, and thiacloprid and
acetamiprid belong to the cyanoamidines (Fischer and Chalmers 2007). The
nitroguanidine subclass is acutely toxic to honey bees; whereas, the cyanoamidine
subclass is mildly acutely toxic to honey bees (Pilatic 2012). Nitroguanidine compounds
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are almost equally toxic to honey bees based on both contact and oral LD50 values (Table
1.2, Hopwood et al. 2012). Imidacloprid and clothianidin have similar LC50 values
known to cause harm when ingested by honey bees (Hopwood et al. 2012). They have
LC50 values lower than the rest of the agriculturally applied neonicotinoid compounds
(Hopwood et al. 2012). All the compounds belonging to the nitroguanidine subclass have
LC50 values much lower than those of the cyanoamidine neonicotinoids (Table 1.3,
Hopwood et al. 2012).
Table 1.2

Toxicity of Neonicotinoids to Honey Bees expressed as LD501

Subclass

Neonicotinoid

Cyanoamidine

Known Toxicity to Honey Bees (µg/bee)2
Contact LD50

Oral LD50

Acetamiprid

7.13 – 8.09 µg/bee4

8.85 – 14.52 µg/bee4

Nitroguanidine

Clothianidin

0.0223 – 0.044 µg/bee5

0.00379 µg/bee6

Nitroguanidine

Dinotefuran

0.0243 – 0.061 µg/bee7

0.0076 – 0.023 µg/bee7

Nitroguanidine Imidacloprid

0.01795 – 0.243 µg/bee8

0.0037 – 0.081 µg/bee9

14.63 – 38.83 µg/bee10

8.51 – 17.3 µg/bee10

0.02411 – 0.029 µg/bee3

0.005 µg/bee11

Cyanoamidine

Thiacloprid

Nitroguanidine Thiamethoxam

Sources: 1. Hopwood et al. 2012; 2. WSDA 2010; 3. Iwasa et al. 2004; 4. EC 2004b; 5.
EPA 2003; 6. EC 2005; 7. EPA 2004; 8. Schmuck et al. 2001; 9. Nauen et al. 2001; 10.
EC 2004a; 11. Syngenta Group 2005.
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Table 1.3

Concentrations of Neonicotinoid Compounds Known to Cause Harm when
Ingested by Honey Bees1
Neonicotinoid

LC50 (ppb)

Acetamiprid

≥ 442,500 ppb2

Clothianidin

≥ 190 ppb3

Dinotefuran

≥ 380 ppb4

Imidacloprid

≥ 185 ppb5

Thiacloprid

≥ 425,500 ppb6

Thiamethoxam

≥ 250 ppb7

Sources: 1. Hopwood et al. 2012; 2. EC 2004b; 3. EC 2005; 4. EPA 2004; 5. Schmuck et
al. 2001; 6. EC 2004a; 7. Syngenta Group 2005.
Honey Bee Exposure to Pesticides
Routes of Exposure to Neonicotinoid Seed Treatments
Honey bees are believed to come into contact with neonicotinoid seed treatment
compounds through many different pathways. One proposed route of exposure is directly
through the pollen and nectar of neonicotinoid treated plants. Bonmatin et al. (2005)
found imidacloprid in field corn at levels averaging around 6.6 ppb for pollen-producing
flowers, 4.1 ppb for stems and leaves, and 2.1 ppb for pollen itself. Krupke et al. (2012)
found levels 3.9 ppb of clothianidin and 1.7 ppb of thiamethoxam in corn pollen that had
been treated with the compounds. In a study conducted in the Midsouth region of the
United States, Stewart et al. (2014) evaluated corn pollen, cotton pollen and nectar, and
soybean flowers for neonicotinoid compounds. Little to no neonicotinoids were found in
cotton pollen, cotton nectar, and soybean flowers (Stewart et al. 2014). Levels of
neonicotinoids in corn pollen ranged from 1 to 6 ppb (Stewart et al. 2014).
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Another possible route of exposure is through neonicotinoid concentrations in the
soil. Krupke et al. (2012) found neonicotinoid concentrations in soil samples from corn
and soybean fields ranging from 2.1 ppb to 9.6 ppb for clothianidin and 2.9 ppb to 7.3
ppb for imidacloprid. They also found concentrations of neonicotinoids in unplanted
fields where neonicotinoids were previously used. Concentrations of clothianidin in
unplanted fields ranged from 6.0 ppb to 8.9 ppb (Krupke et al. 2012). These
neonicotinoid concentrations could come into contact with honey bees through plants
growing in the contaminated soil. Stewart et al. (2014) found an average of 10 ppb of
neonicotinoids in soil in production fields prior to planting with over 80 percent of the
samples having some insecticide detected. Dandelions found near corn fields were found
to contain both clothianidin and thiamethoxam at levels ranging from 1.1 ppb to 9.4 ppb
and 0.0 ppb to 2.9 ppb respectively (Krupke et al. 2012). Dandelions are frequently
visited by honey bees, making it possible for exposure (Krupke et al. 2012).
Neighboring vegetation and foraging honey bees could also be contaminated with
neonicotinoids through dust exhausted from pneumatic air planters when being used with
seeds treated with neonicotinoid compounds. Corn and other crops are planted using
pneumatic drilling machines around the world (Krupke et al. 2012). They use a seed
distribution system that works through the use of a centrifugal fan that creates a vacuum
effect (Krupke et al. 2012). Air is sucked through the fan opening, dragging the seeds
with it (Biocca et al. 2011). A perforated disc is used to pick the seeds up and
individually drop them into the planting furrow (Biocca et al. 2011). Seed treatments
cause the seeds to stick together and not flow evenly. Talc or graphite can be added to
the seed boxes to act as a lubricant and ensure smooth flow of seeds during planting
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(Krupke et al. 2012). The waste talc from planting is either dispersed down with the
seed, or it is blown out into the air through the use of an exhaust fan (Krupke et al. 2012).
This waste talc that is being exhausted from the planters has been in contact with
seed treatments containing neonicotinoids. Waste talc was analyzed and concentrations
of neonicotinoid compounds were found (Krupke et al. 2012). Talc from treated corn
seed was found to possess concentrations of clothianidin ranging from 3,400 ppm to
15,030 ppm and thiamethoxam ranging from 68 ppm to 13,240 ppm (Krupke et al. 2012).
It has also been suggested that neonicotinoid compounds in the soil are being forced into
the air through the disturbance of the soil in agricultural fields causing additional
exposure to native vegetation and foraging honey bees (Krupke et al. 2012). Stewart et
al. (2014) sampled wild flowers bordering recently planted fields and detected an average
neonicotinoid concentration of 10 ppb within the flowers. Of the wildflower sampled, 23
percent contained a level of 1 ppb or more (Stewart et al. 2014). Marzaro et al. (2011)
found that honey bees experienced lethal effects after being exposed to neonicotinoid
containing exhaust in high humidity situations.
Attempts at modifications have been made to improve the way in which waste
talc is exhausted from pneumatic drilling planters. Modified air deflectors that recycled
the dust back into the seed boxes failed to eliminate the drift of neonicotinoid active
ingredients into the environment (Biocca et al. 2011, Pochi et al. 2012). An exhaust
system engineered to direct all the dust towards the ground did not significantly increase
the survivorship of caged bees in a corn field (Girolami et al. 2012).
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Honey Bees Usage of Agronomic Row Crops
The benefits honey bees bring to fruit and vegetable production has influenced
some researchers to study the potential benefits honey bees could bring to agronomic row
crops such as corn, cotton, and soybean. These agronomic crops do not require insect
pollination, but research has been conducted to see the effectiveness of honey bee
pollination of these crops. This research has provided some insight into the usage of
these crops by honey bees managed near agricultural environments to aid in
understanding pesticide exposure to the visiting bees.
Corn, Zea mays (L.), is a wind pollinated, grain crop grown throughout the world
(Mason and Tracewski 1982). Visits from honey bees do not provide any benefit to the
corn plant (Mason and Tracewski 1982), but corn pollen is actively foraged by honey
bees when better pollen sources are not available (Keller et al. 2005). During midsummer in Delaware, Mason and Tracewski (1982) found that honey bees foraged corn
pollen from 6:00 A.M. to 3:00 P.M. with peak abundance of honey bees foraging being
between 9:00 and 10:00 A.M.
Upland cotton, Gossypium hirsutum (L.), is a mostly self-pollinating crop grown
for its fiber (Hoopingarner and Waller 1992). Honey bees have been studied as a
particular aid for producing hybrid cotton. Through this research much has been learned
about honey bee usage of cotton. Cotton pollen is not readily foraged by honey bees
(Vansell 1944) due to the size and form of its pollen grain (Vaissière and Vinson 1994.
The pollen grain of cotton does not fit well into the pollen basket of honey bees
(Vaissière and Vinson 1994), and honey bees covered in cotton pollen have been seen
cleaning themselves before returning to the hive (Loper 1986). Eisikowitch and Loper
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(1984) suggested that honey bees will only forage cotton pollen when more favorable
pollen sources are unavailable.
However, honey bees do actively forage nectar from cotton flowers and extrafloral nectaries located under the cotton leaves (Vaissière and Vinson 1994, Vansell
1944). In Arizona, Eisikowitch and Loper (1984) found that honey bee visits were the
most frequent between the hours of 10:00 A.M. to 3:00 P.M. They saw that floral nectar
secretion delayed about two hours after anthesis and that floral nectar became available
around 8:00 A.M. and increased in quantity until about 5:00 P.M. (Eisikowitch and Loper
1984). Honey bees also have shown a tendency to work down a single row of seed
production fields making it difficult to produce hybrid seed from different parental lines
(Hoopingarner and Waller 1992).
Soybean, Glycine max (L.) Merr., is a self-pollinating plant, but possesses flowers
that are anatomically similar to flowers of entomophilous plant species (Rust 1980). The
nectar of the soybean plant is of a relatively high quality, but there is only a slight amount
in each soybean flower (Jaycox 1970). Jaycox (1970) and Lent (1934) reported honey
bees collecting pollen from soybean flowers but witnessed limited soybean visitation by
honey bees. It has been shown that when honey bees do forage on soybean, whether
forced or naturally, yields can be increased (Chiari et al. 2005, Erickson et al. 1978).
Justification for Further Research
In the Mid-South region of the United States, the three major agronomic row
crops grown are corn, cotton, and soybean. With large numbers of honey bees being
managed in the region, it is important to understand the factors that affect these bees
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across agricultural landscapes. To investigate how these factors influence the abundance
of honey bees across these environments the following objectives were proposed:
Objective 1: Determine the rate at which neonicotinoid seed treatments drift with
the use of various seed lubrication products during the planting of corn
Objective 2: Determine the rate at which three systemic insecticides move
throughout corn, cotton, and soybean tissue as plants develop in the Mid-South
region of the United States
Objective 3: Determine when and at what densities honey bees (Apis mellifera L.)
visit corn, cotton, and soybean in the Mid-South region of the United States
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CHAPTER II
DRIFT AND DEPOSITION OF NEONICOTINOID COTAMINATED SEED
LUBRICANTS ON WILD FLOWERS

Abstract
Populations of honey bees have declined worldwide in recent years. One
suspected cause is the widespread use of pesticides in agriculture, specifically
neonicotinoid seed treatments. When treated seeds are planted using a vacuum
controlled planter, talc or graphite is mixed with the seed to serve as a lubricant to help
the seeds properly flow through the system. The exhaust fan in the vacuum system blows
these seed lubricants as well as minute pieces of seed treatment into the environment
where they may interact with foraging honey bees by settling on flowering vegetation. To
assess these risks, an experiment was conducted to determine at what concentrations
neonicotinoid contaminated seed lubricant exhaust settles on marigold flowers. Talc,
graphite, and Fluency Agent® were tested using two seed treatments containing two
different rates of clothianidin, 0.5 mg/seed and 1.25 mg/seed. Marigold flowers were set
downwind at distances of 0, 5, 20, 50, and 100 m away from a planter planting the treated
corn seed. Flowers from the marigold plants were sampled and tested for clothianidin
using liquid chromatography/mass spectrometry. Across all seed treatments and seed
lubricants, clothianidin was detected 100 meters downwind of planting at levels that were
not significantly different than levels detected from 5 and 20 meters downwind.
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Neonicotinoids can drift with seed lubricants and potentially expose foraging honey bees
to the pesticide.
Introduction
Neonicotinoids are the most widely used insecticide class in row crop agriculture
systems and are used as both seed treatments and foliar sprays (Millar and Denholm
2007). Around 143 million acres of the 442 million acres of cropland in the United
States are treated with at least one of the three neonicotinoids: imidacloprid, clothianidin,
or thiamethoxam (Pilatic 2012). In 2006, neonicotinoids made up 17 percent of
worldwide insecticide sales totaling $1.6 billion (Hopwood et al. 2012).
There are six neonicotinoid compounds that are commonly used in crop
production systems. They are imidacloprid, clothianidin, thiamethoxam, dinotefuran,
acetamiprid, and thiacloprid (Hopwood et al. 2012). The popular seed treatment products
Gaucho® (imidacloprid, Bayer CropScience, Research Triangle Park, NC), Poncho®
(clothianidin, Bayer CropScience, Research Triangle Park, NC), and Cruiser®
(thiamethoxam, Syngenta Crop Protection, Greensboro, NC) all contain neonicotinoid
compounds (Hopwood et al. 2012). Neonicotinoids are used in row crop agricultural
systems to target a broad range of commercially important pests including piercing and
sucking insects, coleopteran pests, and some lepidopteran species (Maienfisch et al.
2001). Neonicotinoids provide growers with increased yields compared to untreated
crops (AgInfomatics 2014). In a meta-analysis study of 1,500 field trials in North
America over 20 years evaluating the yield effects of neonicotinoids, AgInfomatics
(2014) reported yield increases ranging from 3.6 to 71.3 percent in eight major crops that
included: corn, soybean, wheat, cotton, canola, sorghum, potato, and tomato. Soybean
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was the only crop to not show a double-digit percentage increase in yield when
neonicotinoid was used (AgInfomatics 2014). Neonicotinoids are an important tool in
North American integrated pest management systems and have shown to increase yields
in major crops across North America over the last 20 years (AgInfomatics 2014).
Neonicotinoids work by binding to postsynaptic nicotinic acetylcholine receptors
and preventing the action of acetylcholine (Maienfisch et al. 2001). This results in
persistent excitation of the nerves and leads to paralysis and death (Hopwood et al. 2012).
This damage is cumulative and irreversible (Tennekes 2010). Neonicotinoids are
systemic and are translocated throughout plant tissue (Maienfisch et al. 2001). Target
insects die by feeding on the treated plant tissue or sap (Maienfisch et al. 2001). The
wide us of neonicotinoids plus their systemic nature have made them the suspect of
incidental non-target issues like the plight of the honey bee.
Recently, honey bee populations have been experiencing increased winter colony
losses, with some being attributed to Colony Collapse Disorder. Colony Collapse
Disorder is a condition where the majority of workers leave the hive abandoning the
queen to fend for herself. The term Colony Collapse Disorder was first coined by
researchers in 2006. Colony collapse disorder is believed to be caused by a multitude of
factors which include: pathogens, parasites, environmental stressors, bee management
stressors, poor nutrition, and pesticides (Johnson 2010). Of these factors, pesticides,
largely neonicotinoids, receive most of the blame (Hopwood et al. 2012).
Neonicotinoids are being suspected of coming into contact with honey bees
through many different exposure routes. One thought is that neighboring vegetation and
foraging honey bees could be contaminated with neonicotinoids through dust exhausted
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from pneumatic air planters when being used with seeds treated with neonicotinoid
compounds. Corn and other crops are planted using air powered planters around the
world (Krupke et al. 2012). A centrifugal fan creates a vacuum effect and moves seed
through the system (Krupke et al. 2012). Air is sucked through the fan opening, dragging
the seeds with it (Biocca et al. 2011). A perforated disc is used to pick the seeds up and
individually drop them into the planting furrow (Biocca et al. 2011). Seed treatments can
cause the seeds to stick together and not flow smoothly through the system. It is common
for operators to add talc or graphite to the seed boxes to act as a lubricant and ensure
smooth flow of seeds during planting (Krupke et al. 2012). The waste talc either exits
with seed onto the ground or through the exhaust fan where it is blown out into the air
(Krupke et al. 2012).
This waste talc that exits the planter has been in contact with the pesticides
affixed to the outside of the seed. Particles from the seed treatment can mix with this
waste talc and be blown into the air and potentially drift into the environment. Waste talc
was analyzed and concentrations of neonicotinoid compounds were found (Krupke et al.
2012). Talc from treated corn seed was found to possess concentrations of clothianidin
ranging from 3,400 parts per million to 15,030 parts per million and thiamethoxam
ranging from 68 parts per million to 13,240 parts per million (Krupke et al. 2012).
Stewart et al. (2014) sampled wild flowers bordering recently planted fields and detected
an average neonicotinoid concentration of 10 parts per billion within the flowers. Of the
wildflowers sampled 23 percent contained a level of 1 parts per billion or more (Stewart
et al. 2014). Neonicotinoid contaminated waste talc was suspected of being the
contaminant source to the wildflowers and could potentially reach foraging honey bees.
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Honey bees play an important role in the fruit and vegetable industry. Truckloads
of honey bee colonies are shipped around the country during peak bloom to pollinate
many different fruit and vegetable crops. Honey bees can improve the quantity and
quality of fruit production and assist in fruit ripening uniformity (Hoopingarner and
Waller 1992). The United States Department of Agriculture (USDA) estimated that
commercial honey bee pollination services contributed around $15 billion per year to the
U.S. economy in 2000 (Pilatic 2012). The importance of honey bees to the U.S. economy
and agriculture system have made it crucial that all potential risks to them be evaluated.
In order to determine the rate and distance that neonicotinoid contaminated seed
lubricants can drift onto neighboring flowering vegetation, an experiment was conducted.
Materials & Methods
To determine the rate and distance that neonicotinoid seed treatments drift with
various seed lubrication products during planting, an experiment was conducted at the R.
R. Foil Plant Science Research Center in Starkville, MS during the summers of 2013 and
2014. The experiment consisted of six treatment combinations. Two seed treatment rates
were tested: Poncho® 500 (clothianidin 0.50 mg/seed, Bayer CropScience, Research
Triangle Park, NC) and Poncho® 1250 (clothianidin 1.25 mg/seed, Bayer CropScience,
Research Triangle Park, NC). Seed treatments was properly applied to the corn seed by
the seed distributor. Dekalb® Genuity® 6940 VT Triple Pro® (Monsanto, St. Louis,
MO) corn seed was used for each test. Three seed lubricants were tested: Premium Seed
Talc (Deere & Company, Moline, IL), Powdered Graphite (Deere & Company, Moline,
IL), and Fluency Agent® (Bayer CropScience, Research Triangle Park, NC). Each seed
lubricant was tested at the recommended rate by each manufacturer: Premium Seed Talc
25

(3.12 g/ kg seed), Powdered Graphite (2.18 g/ kg seed), and Fluency Agent® (0.62 g/ kg
seed).
To test each seed treatment rate and seed lubricant combination, a tractor
implemented with a John Deere® MaxEmerge® 1700 Rigid Integral 4 row wide
pneumatic vacuum planter (Deere & Company, Moline, IL) planted corn seed along a 50
meter long planting strip with the wind blowing perpendicular to the equipment. The
four rows of the planting strip each measured 96.5 cm wide. The tractor pulled the
planter at a steady rate of 6 km/h and was set to plant the corn at a rate of 74,000
seeds/ha. The planter was driven along the 50 meter strip three times for each treatment
combination. Before and after planting each treatment, the planter was thoroughly
cleaned to remove any neonicotinoid compounds and seed lubricant residue from
previous plantings. Each hopper box, seed plate, and all the parts of the vacuum system
were emptied and wiped clean. Flats of French marigolds (Tagetes patula) were placed
downwind of the planting strip at distances of 5, 20, 50, and 100 meters. One flat of
marigolds was placed at the distance of 0 meters which was directly in the center of the
planting strip and served as a positive control. The flats contained 6 4-packs of marigolds
and were arranged in a 2 by 3 pack rectangular configuration. At each distance, the flats
of marigolds were placed parallel to the planting strip. The marigolds were tested prior to
the experiment to ensure they were clothianidin free. Marigolds were used because they
were easily obtainable from a clothianidin free source, and the flower structure is
anatomically similar to dandelion (Taraxacum spp.) and clover (Trifolium spp.) flowers
which are actively foraged upon by honey bees and are found in agricultural
environments.
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Immediately after each treatment was planted, approximately 20 marigold flower
heads were carefully removed from plants and sealed in 3.8 L Ziploc® bags. New gloves
were used for each sampling. The sample bags were immediately placed in a cooler
containing blue ice. Samples were transferred into a storage unit kept at a temperature of
-10 °C within 30 minutes of sampling. All samples were labeled clearly with the date of
collection, distance from planting strip, seed treatment, and lubrication product.
Samples were sent to the USDA AMS Science and Technology Laboratory
Approval and Testing Division of the National Science Laboratory in Gastonia, NC and
analyzed to determine the levels of clothianidin on the flower heads. The flower heads
were extracted for analysis of agrochemicals using a refined methodology for the
determination of neonicotinoid pesticides and their metabolites using an approach of the
official pesticide extraction method (AOAC 2007.01), also known as the QuEChERS
method, and analyzed by liquid chromatography coupled with tandem mass spectrometry
detection (LC/MS/MS) (Kamel 2010, DeGrandi-Hoffman et al. 2012, Lehotay et al.
2005, Zhang et al. 2011, Stewart et al. 2014). Quantification was performed using
external calibration standards prepared from certified standard reference material. The
method detection limit for clothianidin was 1 part per billion.
The experimental design was a split-split-plot design. Treatment combinations
containing Poncho® 500 were replicated 5 times, and those containing Poncho® 1250
were replicated 3 times. The Poncho® 1250 treatment combinations had limited
replications due to seed availability. The experiment was replicated by day and was only
conducted on days with a steady wind blowing perpendicular to the planting strip. The
wind speed, temperature, and humidity for each planting were detected using a Kestrel®
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3000 Pocket Weather Meter. Data were analyzed for both the concentration of
clothianidin detected and the percent at which clothianidin was positively detected.
Concentration data were transformed using a square root transformation.
Both concentration and percent detection data were analyzed with analysis of
variance using PROC GLIMMIX of SAS (Version 9.3, SAS Institute, Cary, NC). Seed
treatment, lubrication product, distance, and their interactions were fixed effects in the
model. Seed treatment rate nested in day and seed treatment rate by lubrication product
nested in day were designated as random effects. Analyses were conducted for each
weather parameter using the square root transformed concentration data. In each
analysis, wind speed, temperature, or humidity served as the fixed effect in the model and
seed treatment rate nested in day and seed treatment rate by lubrication product nested in
day were designated as random effects.
An additional analysis was conducted using the transformed clothianidin
concentration data for each replicated day over all seed treatment rates and lubrication
products. The data were analyzed by each distance away from the planter with analysis
of variance using PROC GLIMMIX. Day was the fixed effect in the model, and seed
treatment rate and lubrication product were random effects because no significant
differences were found within each after the earlier analyses. For all analyses, degrees of
freedom were calculated using the Kenwood-Rogers method. Means were calculated
using the LSMEANS statement and separated based on Fisher’s protected least
significant difference (α = 0.05).
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Results
An analysis of square root transformed concentration data for distance exhibited
significant differences in mean concentration of clothianidin detected (F = 15.10; df = 4,
71.29; P <0.01) (Figure 2.1). There were no significant differences in mean
concentration of clothianidin detected between seed treatment rates (F = 2.02; df = 1,
6.079; P = 0.20) or between seed lubrication products (F = 0.76; df = 2, 12.09; P = 0.48).
There were no significant interactions for the mean concentration of clothianidin detected
between seed treatment rates, lubrication products, and distances away from the planter.
No significant differences were observed in the mean concentration of clothianidin
detected for each wind speed (F = 0.52; df = 7, 111; P = 0.82), temperature (F = 0.50; df
= 7, 111; P = 0.83), or humidity (F = 2.04; df = 7, 16.18; P = 0.11).
An analysis of positive detection data by distance exhibited significant differences
in mean percent positive detection of clothianidin (F = 13.74; df = 4, 71.23; P <0.01)
(Figure 2.2). There were no significant differences in mean percent positive detection of
clothianidin between seed treatment rates (F = 1.48; df = 1, 6.075; P = 0.26) or between
seed lubrication products (F = 0.62; df = 2, 12.06; P = 0.55). There were no significant
interactions in the mean percent positive detection of clothianidin between seed treatment
rates, lubrication products, and distances away from the planter.
An analysis of square root transformed concentration data for each replicated day
over all seed treatment rates and lubrication products by each distance exhibited
significant differences in mean concentration of clothianidin detected at the 5 meter
distance (F = 2.64; df = 7, 16; P = 0.05) (Figure 2.3) and at the 100 meter distance (F =
3.05; df = 7, 16; P = 0.03) (Figure 2.4). There were no significant differences in the
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square root of the mean concentration of clothianidin detected on each day at the 0 meter
distance (F = 1.22; df = 7, 14; P = 0.35), the 20 meter distance (F = 0.68; df = 7, 15; P =
0.69), or the 50 meter distance (F = 1.58; df = 7, 16; P = 0.21).
Discussion
When planting treated seeds with a pneumatic planting drill, seed lubrication
products are often used to help the sticky seeds flow properly through the system. These
lubricants and other dust particles can be contaminated with particles from the seed
treatment and are emitted through the exhaust fan on the back of the planter into the
environment (Krupke et al. 2012). These data show that clothianidin will drift with the
use of seed lubrication products during the planting of corn when using a pneumatic
vacuum planter. There were no differences in the concentration of clothianidin detected
or in the percent positive detection of clothianidin between seed treatment rates or seed
treatment lubricants. There were also no differences in the concentration of clothianidin
detected between wind speeds, temperatures, and differences in humidity.
There were significant differences between distances away from the planter
(Figure 2.1). A mean clothianidin concentration 21.03 ppb was detected at the 0 meter
distance directly under the planter. This detection was the significantly highest
concentration of clothianidin found of all distances sampled. The next highest
concentration was detected at 100 meters downwind of the planter at 8.87 ppb. This
concentration was not significantly different than concentrations detected at 5 and 20
meters downwind of the planter. At 50 meters downwind, a mean clothianidin
concentration of 2.45 ppb was detected which was significantly the lowest concentration
detected for each distance.
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Percent positive detection data exhibited the similar results as the concentration
data analysis (Figure 2.2). The highest detection, 96 percent, was directly under the
planter. Forty-six percent of the samples 100 meters downwind of the planter tested
positive for clothianidin. There was no significant difference in the percent detection of
samples 100 meters away and the percent detection of samples 5 and 20 meters away. At
50 meters downwind of the planter, 21 percent of samples tested positive for clothianidin.
The positive detection percentage of clothianidin increased in flower samples from 50 to
100 meters downwind.
When analyzed by distance, differences in the concentration data for each
replication of the experiment where revealed at the 5 meter (Figure 2.3) and at the 100
meter (Figure 2.4) distances. There were no significant differences in the mean
concentration of clothianidin for each replication at the 0, 20, and 50 meter distances.
This shows the variability among replications and demonstrates that neonicotinoid drifts
from the planter were dynamic.
These differences show that clothianidin from planters will move with the wind.
Concentrations do not simply decrease as distance increases from the planter, but are
carried with the movement and gusts of the wind. Clothianidin drift varies among
plantings. These data show that the neonicotinoid contaminated seed lubricants can
move from the planter exhaust system with the wind to at least 100 meters on to flowers
where honey bees could be foraging. There is potential for honey bees to interact with
neonicotinoid compounds through this route.
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Figure 2.1

Mean concentrations of clothianidin detected at each distance downwind of
the planter

Means followed by the same letter are not significantly different (α=0.05). Error bars
indicate standard error of the mean.
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Figure 2.2

Mean percent positive detection at each distance downwind of the planter

Means followed by the same letter are not significantly different (α=0.05). Error bars
indicate standard error of the mean.
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Figure 2.3

Mean concentration of clothianidin 5 meters downwind of the planter

Means followed by the same letter are not significantly different (α=0.05). Error bars
indicate standard error of the mean.
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Figure 2.4

Mean concentration of clothianidin 100 meters downwind of the planter

Means followed by the same letter are not significantly different (α=0.05). Error bars
indicate standard error of the mean.
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CHAPTER III
NEONICOTINOID SEED TREATMENT MOVEMENT DURING THE
DEVELOPMENT OF MIDSOUTH CROPS

Abstract
Neonicotinoids have been suspected of contributing to the decreases in the honey
bee population. It has been suggested that honey bees can come into contact with
neonicotinoids through pollen and nectar from treated plants. In a previous study
conducted in the Midsouth United States, little to no neonicotinoids were found in treated
cotton and soybean pollen and nectar. Small concentrations were found in pollen from
treated corn. To aid in understanding the movement of these compounds in Midsouth
crops, an experiment was conducted to examine the concentration of neonicotinoid
insecticides in new plant growth until reproductive development from neonicotinoid seed
treatments. Corn, cotton, and soybean were planted using neonicotinoid seed treatments
in Mississippi, Arkansas, and Tennessee in the 2013 and 2014 growing seasons. Tissue
from the newest unfolded leaf was sampled throughout various vegetative growth stages
from both treated and untreated plants. Sampling stopped when plants reached the first
reproductive growth stage. Samples were analyzed for neonicotinoid compounds. Soil
samples were collected and analyzed at the first and last sampling dates. Sampled crop
tissue revealed almost complete reduction in neonicotinoid compounds in newest
developed leaf tissue by reproductive growth. Contamination in untreated plots and
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detections in soil at the last sampling period demonstrate incidents in which
neonicotinoids could be absorbed into untreated plant tissue such as neighboring
vegetation.
Introduction
Neonicotinoids are the most widely used insecticide class in row crop agriculture
systems and are used as both seed treatments and foliar sprays (Millar and Denholm
2007). Around 143 million acres of the 442 million acres of cropland in the United
States are treated with imidacloprid, clothianidin, or thiamethoxam (Pilatic 2012). In
2006, 17 percent of worldwide insecticide sales belonged to neonicotinoids totaling $1.6
billion (Hopwood et al. 2012). Neonicotinoids are used on almost all major crops in the
United States including corn, Zea mays L., cotton, Gossypium hirsutum L., soybean,
Glycine max (L.) Merr., grain sorghum, Sorghum bicolor (L.) Moench, and wheat,
Triticum aestivum L. From 2010 to 2012, neonicotinoids were the most used class of
insecticides in corn, sorghum, wheat, and soybean (AgInfomatics 2014b).
There are six neonicotinoid compounds that are commonly used in crop
production systems: imidacloprid, clothianidin, thiamethoxam, dinotefuran, acetamiprid,
and thiacloprid (Hopwood et al. 2012). The popular seed treatment products Gaucho®
(imidacloprid, Bayer CropScience, Research Triangle Park, NC), Poncho® (clothianidin,
Bayer CropScience, Research Triangle Park, NC), and Cruiser® (thiamethoxam,
Syngenta Crop Protection, Greensboro, NC) all contain neonicotinoid compounds
(Hopwood et al. 2012). Neonicotinoids are used in row crop agricultural systems to
target a broad range of commercially important pests including piercing and sucking
insects, coleopteran pests, and some lepidopteran species (Maienfisch et al. 2001).
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Neonicotinoids provide growers with increased yields compared to untreated
crops (AgInfomatics 2014a). In a 20 year meta-analysis study of 1,500 field trials in
North America that evaluated the yield effects of neonicotinoids, AgInfomatics (2014a)
reported yield increases ranging from 3.6 to 71.3 percent in eight major crops that
included: corn, soybean, wheat, cotton, canola, sorghum, potato, and tomato. Soybean
was the only crop to not show a double-digit percentage increase in yield with the use of
neonicotinoids (AgInfomatics 2014a). Neonicotinoids are an important tool in North
American integrated pest management systems and have shown to increase yields in
major crops across North America (AgInfomatics 2014a).
Neonicotinoids work by binding to postsynaptic nicotinic acetylcholine receptors
and preventing the action of acetylcholine (Maienfisch et al. 2001). This results in
persistent excitation of the nerves and leads to paralysis and death (Hopwood et al. 2012).
This damage is cumulative and irreversible (Tennekes 2010). Neonicotinoids are
systemic and are absorbed into the plant tissue (Maienfisch et al. 2001). Target insects
die by feeding on the treated plant tissue or fluid. The wide use of neonicotinoids plus
their systemic nature have made them one of the main insecticides of interest for potential
non-target issues like the declining health of honey bees.
In North America and Europe, beekeepers have recently seen an increase in
colony losses. The United States has seen honey bee populations decline by an average
of 1 percent per year since 1947 (Meixner 2010). U.S. colony losses have averaged
between 17 and 20 percent per year since the 1990s (Johnson 2010), but colony losses
ranged from 29 to 36 percent per year from 2006 to 2010 (vanEngelsdorp et al. 2007,
vanEngelsdorp et al. 2008, vanEngelsdorp et al. 2010, vanEngelsdorp et al. 2011). Of
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these colony losses in the United States, only some are considered to be a result of
Colony Collapse Disorder (vanEngelsdorp et al. 2010).
The term “Colony Collapse Disorder” was first established by United States
honey bee researchers in 2006 (Pilatic 2012). The condition is characterized by the hive
being suddenly empty of adult bees with no sign of dead bees near the hive (Johnson
2010). Usually the hive will contain adequate supplies of food, brood, and the queen is
still present within the hive (Kluser et al. 2011). Colony collapse disorder is believed to
be caused by a multitude of factors which include: pathogens, parasites, environmental
stressors, bee management stressors, poor nutrition, and pesticides (Johnson 2010). Of
the numerous insecticides toxic to honey bees, neonicotinoids receive most of the
attention as the pesticide reducing honey bee populations.
The chemicals are being suspected of coming into contact with honey bees
through many different exposure routes. The pneumatic vacuum planters used to plant
many crops is suspected of being one source of neonicotinoids to honey bees (Krupke et
al. 2012). Contaminated soil and wild flowers are also considered potential ways honey
bees could interact with the compounds (Krupke et al. 2012). Another suggestion is that
honey bees could be exposed to neonicotinoids directly from the nectar and pollen of
treated crops (Krupke et al. 2012). Pollen and nectar from treated plants have been
examined to see how much of the compounds are translocated to the reproductive plant
parts from seed treatments. Bonmatin et al. (2005) found imidacloprid in treated field
corn at levels averaging around 6.6 ppb for pollen-producing flowers, 4.1 ppb for stems
and leaves, and 2.1 ppb for pollen itself. The contaminated corn pollen only made up 54
percent of the pollen samples that were collected at the hive entrances, so the average
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concentration of imidacloprid in all pollen samples was 0.6 ppb (Bonmatin et al. 2005).
Krupke et al. (2012) found 3.9 ppb of clothianidin and 1.7 ppb of thiamethoxam in corn
pollen that had been treated with the neonicotinoid seed treatments. Canola seed treated
with clothianidin at the labeled rate was found to have maximum concentrations of 3 ppb
in the pollen and 3.7 ppb in the nectar (Cutler and Scott-Dupree 2007).
In a study conducted in the Midsouth region of the United States, Stewart et al.
(2014) evaluated corn pollen, cotton pollen and nectar, and soybean flowers for
neonicotinoid compounds. Little to no neonicotinoids were found in cotton pollen, cotton
nectar, and soybean flowers (Stewart et al. 2014). Levels of clothianidin in corn pollen
averaged 3 ppb in corn treated with 0.25 mg per seed and 6 ppb in corn treated with 1.25
mg per seed (Stewart et al. 2014). In order to gain a better understating of how
neonicotinoid compounds move from seed treatments into new plant growth as crops
develop, an experiment was done at multiple locations throughout the Midsouth.
Materials & Methods
To study the uptake and movement of neonicotinoid seed treatments into newly
grown plant tissue throughout crop development, an experiment was conducted at
agricultural research stations in Mississippi, Arkansas, and Tennessee during the growing
seasons of 2013 and 2014. Corn, cotton, and soybean were treated with neonicotinoid
seed treatments and sampled throughout the vegetative development of each crop.
Vegetative tissue was collected from the plants until they reached reproductive maturity,
and these samples were analyzed for neonicotinoids. Plant tissue sampled from each crop
was the newest tissue on the plant, and analysis showed the level at which neonicotinoid
compounds are translocated into new plant growth.
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For each crop, plots were developed for each treatment and replicated four times
in a randomized complete block design. All plots were established on raised
conventional tilled beds with 96.5 cm row spacing except for those in Stoneville, MS
which were planted on beds with 1.02 m row spacing. Plot were comprised of four rows
and were 12.2 m in length. No additional neonicotinoids were applied to the crops for
insect control during the sampling period.
Corn was planted at the Mississippi State University R. R. Foil Plant Science
Research Center in Starkville, MS, the Mississippi State University Delta Research and
Extension Center in Stoneville, MS, and the University of Tennessee West Tennessee
Research and Education Center in Jackson, TN in the 2013 growing season. Corn
experiments consisted of Dekalb® Genuity® 64-69 VT Triple Pro® (Monsanto
Company, St. Louis, MO) treated with Poncho® 250 (clothianidin 0.25 mg/seed, Bayer
CropScience, Research Triangle Park, NC), Poncho® 500 (clothianidin 0.50 mg/seed,
Bayer CropScience, Research Triangle Park, NC), and Poncho® 1250 (clothianidin 1.25
mg/seed, Bayer CropScience, Research Triangle Park, NC), plus an untreated control.
Samples were collected at growth stages V1, V3, V5, V7, V10, and VT (tassel). For each
vegetative growth stage, the number represents how many leaf collars are visible on the
corn stalk (Ritchie et al. 1993). At the VT growth stage, the corn plant has reached
maximum height and the last branch of the tassel has emerged from the top of the plant
(Ritchie et al. 1993). The tassel is a pollen producing male reproductive structure. For
the V1 and V3 growth stages, sampling consisted of collecting 20 whole random plants
within the plot. For the V5 and V7 growth stages, the uppermost fully expanded leaf was
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collected from 20 random plants within the plot. The uppermost fully expanded leaf was
collected from 10 random plants for the V10 and VT growth stages.
Upland cotton was planted at the University of Arkansas Lon Mann Cotton
Research Station in Marianna, AR in 2013, the Mississippi State University R. R. Foil
Plant Science Research Center in Starkville, MS and the Mississippi State University
Delta Research and Extension Center in Stoneville, MS in 2014. Phytogen® 375 WRF
(Dow AgroSciences, Indianapolis, IN) was planted at all locations. Cotton treatments
consisted of an untreated control, Avicta® Duo (thiamethoxam 0.525 mg/seed, Syngenta
Crop Protection, Greensboro, NC), and Aeris® (imidacloprid 0.75 mg/seed, Bayer
CropScience, Research Triangle Park, NC). In 2014, cotton treated with imidacloprid at
a rate of 0.375 mg/seed was sampled at the University of Tennessee West Tennessee
Research and Education Center in Jackson, TN. Sampling was conducted in the same
manner as at other locations. Cotton was sampled at the first true leaf stage and at the 3,
5, 7, 9 leaf stages, and a final sampling at first flower (bloom). Cotton reaches the first
true leaf stage when the vegetative cotton plant develops a true leaf after the cotyledon
leaves, and this first leaf has reached 2.5 cm in diameter. The vegetative cotton leaf
stages after the first true leaf stage are reached when the leaf on the newest developed
node has a 2.5 cm diameter, and the number of each leaf stage is signified by the
numerical order in which it developed. Bloom is when the first cotton flower opens on
the plant. For the first true leaf stage and the 3 leaf stage, the uppermost fully expanded
leaf was taken from 20 random plants per plot. For all other growth stages, the
uppermost fully expanded leaf was taken from 10 random plants per plot.
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Soybean was planted in 2013 at the Mississippi State University R. R. Foil Plant
Science Research Center in Starkville, MS, the Mississippi State University Delta
Research and Extension Center in Stoneville, MS, and the University of Arkansas Lon
Mann Cotton Research Station in Marianna, AR. For the soybean experiments,
Asgrow® 4606 (Monsanto Company, St. Louis, MO) soybean seed was treated with
Cruiser Maxx® Soybean (thiamethoxam 0.0778 mg/seed, Syngenta Crop Protection,
Greensboro, NC) and Poncho®/ VOTiVO® (clothianidin 0.13 mg/seed, Bayer
CropScience, Research Triangle Park, NC). Untreated soybean seed was also planted to
serve as a control. Soybean samples were collected at growth stages VC (cotyledon), V2,
V4, V6, and R1 (Catchot et al. 2015). The VC soybean growth stage is the growth stage
after emergence when the unifoliate leaves have unfolded. Each vegetative stage after
VC signifies how many sets of trifoliate leaves have unfolded. At the R1 soybean stage,
the soybean plant has begun reproductive growth and has a put on at least one flower
(Pedersen 2004). For the VC growth stage, 25 random whole plants were sampled from
each plot. For the remaining growth stages, the uppermost fully expanded trifoliate was
collected from 25 random plants per plot.
At some crop locations, sampling during some of the designated growth stages
was impossible. In those cases, samples were collected at the stage immediately after the
missed growth stage. All tissue samples were collected from the second and third row of
each plot. Samples were placed in 3.8 L Ziploc® bags during collection. New gloves
were worn during the sampling of each plot to eliminate potential contamination. The
sample bags were immediately placed in a cooler containing blue ice. Samples were
transferred into a storage unit kept at a temperature of -10 °C within 30 minutes of
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sampling. All samples were labeled clearly with the date of collection, growth stage,
treatment, plot number, and location.
Soils samples were taken at the first and last sampling dates for each crop at each
location. A JMC 36" soil sampler with step (Clements Associates Inc., Newton, IA) was
driven 10 cm into the soil of each raised bed directly between plants. This was done in 5
randomly selected spots within the center two rows of each plot. All 5 samples from
each plot were placed in the same 3.8 L Ziploc® bag and thoroughly mixed together. 3
grams of the mixed soil were taken from each plot bag, placed in a labeled Sarstedt® 50
ml centrifuge tube, and shipped for testing.
Samples were sent to the USDA AMS Science and Technology Laboratory
Approval and Testing Division of the National Science Laboratory in Gastonia, NC and
analyzed to determine the levels of neonicotinoids in the plant tissue. The plant tissue
were extracted for analysis of agrochemicals using a refined methodology for the
determination of neonicotinoid pesticides using an approach of the official pesticide
extraction method (AOAC 2007.01), also known as the QuEChERS method, and
analyzed by liquid chromatography coupled with tandem mass spectrometry detection
(LC/MS/MS) (Kamel 2010, DeGrandi-Hoffman et al. 2012, Lehotay et al. 2005, Zhang et
al. 2011, Stewart et al. 2014). Quantification was performed using external calibration
standards prepared from certified standard reference material. The method detection
limit was 1 part per billion. Data were comprised of the concentrations of the
neonicotinoids detected in crop leaf tissue and soil.
An analysis of variance was conducted for each neonicotinoid compound detected
in crop tissue for each treatment over all locations at each sampled growth stage using
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PROC GLIMMIX of SAS (Version 9.3, SAS Institute, Cary, NC). Data were
transformed using a log transformation and sorted by treatment. The percent of positive
detections were also calculated for each treatment. The sampled growth stage was the
fixed effect in the model, and rep was designated as a random effect. Degrees of freedom
were calculated using the Kenwood-Rogers method. Means were calculated using the
LSMEANS statement and separated based on Fisher’s protected least significant
difference (α = 0.05). Means are presented as parts per billion of each neonicotinoid
detected.
Means were calculated for the concentrations of neonicotinoids detected in soil
from treated and untreated plots using PROC MEANS of SAS 9.3 (Version 9.3, SAS
Institute, Cary, NC). Means were calculated for each plot treatment at each location for
each sampled growth stage. Means are presented as parts per billion of each
neonicotinoid detected.
Results
Neonicotinoids were detected in corn tissue from untreated plots at early growth
stages, V1 through V5 (Table 3.1). An analysis of log transformed data for Poncho® 250
treated plots exhibited significant differences in mean concentration of clothianidin
detected at each growth stage (F = 27.04; df = 5, 50; P <0.01) (Table 3.2). Significant
differences were also observed in the mean concentration of clothianidin detected at each
growth stage in analyses for Poncho® 500 treated plots (F = 25.45; df = 5, 50; P <0.01)
(Table 3.3) and Poncho 1250® treated plots (F = 21.48; df = 5, 50; P <0.01) (Table 3.4).
Clothianidin was detected in soil from all corn plots at the V1 growth stage and was also
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detected in Poncho® 500 and Poncho® 1250 treated plots at the VT growth stage (Table
3.5)
Neonicotinoids were consistently detected in cotton tissue from untreated plots at
early growth stages, true leaf through 7 leaf (Table 3.6). An analysis of log transformed
data for Aeris® treated plots exhibited significant differences in mean concentration of
imidacloprid detected at each growth stage (F = 40.39; df = 5, 82; P <0.01) (Table 3.7).
Significant differences were also observed in the mean concentration of thiamethoxam
detected at each growth stage in an analysis for Avicta® Duo treated plots (F = 33.22; df
= 5, 58; P <0.01) (Table 3.8). Neonicotinoids were detected in soil from all cotton plots
at the true leaf growth stage and were also consistently detected in Aeris® and Avicta®
Duo treated plots at the first flower growth stage (Table 3.9).
Little to no neonicotinoids were detected in soybean tissue from untreated plots
(Table 3.10). An analysis of log transformed data for CruiserMaxx® treated plots
exhibited significant differences in mean concentration of thiamethoxam detected at each
growth stage (F = 28.13; df = 4, 43; P <0.01) (Table 3.11). Significant differences were
also observed in the mean concentration of clothianidin detected at each growth stage in
an analysis for Poncho®/VOTiVO® treated plots (F = 21.33; df = 4, 42; P <0.01) (Table
3.12). Neonicotinoids were detected in soil from all soybean plots at both the VC and R1
growth stages (Table 3.13).
Discussion
Concentrations of clothianidin in corn leaf tissue almost completely diminished
before the plants reached reproductive growth. At the final sampling period, leaf tissue
from Poncho® 250 treated plots contained a mean concentration of clothianidin of
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11.95±4.69 ppb which was 99.26 percent less than the concentration of clothianidin
initially detected at V1. Tissue from Poncho® 500 treated plots contained 22.96±9.75
ppb at the VT growth stage. There was a 99.26 percent decrease in the concentration of
clothianidin that was initially detected at V1. Corn leaf tissue from Poncho® 1250
treated plots saw a 97.83 percent reduction in the concentration of clothianidin that was
initially detected at V1. At the VT growth stage, Poncho® 1250 treated leaf tissue
contained 71.08±22.27 ppb of clothianidin.
These results suggest similar findings to those of Stewart et al. (2014). In pollen
from high rates of Poncho® treated corn, Stewart et al. (2014) found small concentrations
of clothianidin in the Midsouth. In the newest tissue growth of Poncho® 1250 treated
corn plants at the VT growth stage, leaf tissue contained enough clothianidin to suggest
that clothianidin could potentially still be present in the plant at levels that could be
moved into new reproductive growth tissue and pollen. These potential concentrations of
clothianidin could be available to foraging honey bees collecting treated corn pollen.
Leaf tissue from untreated corn plants that were sampled at the V1 growth stage
contained levels of the three neonicotinoids, clothianidin, imidacloprid, and
thiamethoxam. By the time the plants reached reproductive growth, all previous
neonicotinoid compounds detected had diminished. Soil samples from treated and
untreated plots indicated levels of neonicotinoids not used to treat the sampled corn
plants. Concentrations of clothianidin in soil from Poncho® 500 and Poncho® 1250
treated plots were detected at the final sampled growth stage. Detections of
neonicotinoid compounds not used in experimental plots could be present in the soil from
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previous growing seasons. These compounds could potentially be absorbed into
neighboring flowering plants and made available to foraging honey bees.
Concentrations of neonicotinoids in cotton leaf tissue almost completely
diminished before the cotton plants reached reproductive maturity. Leaf tissue collected
from Aeris® treated plots contained 1.32±0.49 ppb of imidacloprid at the final sampling
stage which was 99.68 percent less than the concentration of imidacloprid detected at true
leaf. When Avicta® Duo treated cotton reached first flower, leaf tissue contained a mean
concentration of thiamethoxam of 2.10±1.01 ppb. There was a 99.87 percent reduction in
the concentration of imidacloprid that was initially detected at true leaf.
Stewart et al. (2014) found little to no neonicotinoid compounds in cotton pollen
and nectar in the Midsouth. These results suggest similar results. Tissue sampled from
the newest growth on cotton plants at first flower contained small concentrations of
neonicotinoids. Little to no neonicotinoids would be present to be moved into new
reproductive growth and available to foraging honey bees in pollen and floral nectar.
However, these results do suggest the possibility of neonicotinoids being present in extrafloral nectar in earlier growth stages of cotton. Honey bees collecting nectar from the
extra-floral nectaries on the undersides of leaves could potentially be exposed to
neonicotinoids in treated cotton.
Neonicotinoid compounds were found in cotton leaf tissue from untreated plots.
Soil from Aeris® and Avicta® Duo treated plots sampled at the last sampled growth
stage contained levels of neonicotinoids from the seed treatment. Neonicotinoid
compounds not used in specific plots were detected in soil from those plots.
Contamination most likely resulted from previous neonicotinoid seed treatment use in
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previous growing seasons. Levels of neonicotinoids in the soil could be absorbed into
neighboring flowering vegetation and potentially made available to foraging honey bees
in the area.
Neonicotinoids detected in soybean leaf tissue almost completely diminished
before entering reproductive growth. Leaf tissue collected from CruiserMaxx® treated
plots contained 2.16±0.82 ppb of thiamethoxam at the final sampling stage which was
99.94 percent less than the concentration of thiamethoxam detected at VC. When
Poncho®/VOTiVO® treated soybean plants reached R1, leaf tissue contained no
concentrations of clothianidin. Stewart et al. (2014) found little to no neonicotinoid
compounds in soybean flowers in the Midsouth. With only small concentrations of
thiamethoxam being found in soybean leaf tissue from CrusiserMaxx treated soybean
plants and no clothianidin being detected in leaf tissue from Poncho®/VOTiVO® treated
soybean plants when sampled at R1, findings from this study suggest similar results.
Neonicotinoid compounds were found in soybean leaf tissue from untreated plots.
Soil from CruiserMaxx® and Poncho®/VOTiVO® treated plots sampled at the last
sampled growth stage contained levels of neonicotinoids from the seed treatment as well
as other compounds not used to treat the seeds planted in those specific plots.
Neonicotinoid compounds not used in specific plots were also detected in soil from those
plots. Contamination most likely resulted from previous neonicotinoid seed treatment
use in previous growing seasons. Levels of neonicotinoids in the soil could be absorbed
into neighboring flowering vegetation and potentially made available to foraging honey
bees in the area.
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In conclusion, corn treated with high rates of clothianidin has the most potential
of all the sampled crops to possibly expose foraging honey bees to neonicotinoids
through contaminated pollen or nectar in the Midsouth. There is also potential for
exposure through extra-floral nectar from treated cotton plants in the Midsouth.
Exposure is not simply dependent on presence of neonicotinoids but also dependent on
the attractiveness and willingness of honey bees to forage in these crops.
Table 3.1

Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots at each sampled growth stage across all locations

Growth Stage

Neonicotinoid

Mean Concentration Percent Positive

Compound

(ppb)

Detection

Clothianidin
64.61
100%
Imidacloprid
1.55
33%
Thiamethoxam
60.46
100%
Clothianidin
11.60
75%
V3
Imidacloprid
1.80
50%
Thiamethoxam
13.53
100%
Clothianidin
1.06
8%
V5
Imidacloprid
0.88
25%
Thiamethoxam
9.52
100%
Clothianidin
2.74
50%
V7
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
0.56
17%
V10
Imidacloprid
N.D.
N.D.
Thiamethoxam
0.44
17%
Clothianidin
N.D.
N.D.
VT
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D. Growth stages sampled at only one location are not included.
V1
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Table 3.2

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed) across all
locations

Growth

Mean Concentration

Stage

(ppb)

V1

1625.25a

451.25

100%

V3

649.50a

93.00

100%

V5

32.57bc

7.80

83%

V7

29.44b

3.27

100%

V10

12.18cd

2.96

75%

VT

11.95d

4.69

50%

SEM

Percent Positive
Detection

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Growth stages sampled at only one
location are not included. Letters assigned based on log transformed statistics.
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Table 3.3

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed) across all
locations
Percent Positive

Growth Stage

Mean Concentration (ppb)

SEM

V1

3119.92a

1021.94

100%

V3

1400.00a

173.78

100%

V5

89.81b

21.18

100%

V7

65.46b

7.15

100%

V10

22.28c

4.58

92%

VT

22.96c

9.75

50%

Detection

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Growth stages sampled at only one
location are not included.
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Table 3.4

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed) across all
locations

Growth Stage Mean Concentration (ppb)

SEM

Percent Positive
Detection

V1

3276.5a

761.77

100%

V3

2757.50a

225.55

100%

V5

307.23b

81.09

100%

V7

152.13bc

41.28

88%

V10

62.91c

8.62

92%

VT

71.08c

22.27

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Growth stages sampled at only one
location are not included.
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Table 3.5

Treatment

Mean concentrations of neonicotinoids detected in soil from corn plots at
each sampled growth stage across all locations
Growth

Neonicotinoid

Stage

Compound

Mean
Concentration
(ppb)

Percent Positive
Detection

Clothianidin
5.45
75%
Imidacloprid
2.40
25%
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
N.D.
N.D.
VT
Imidacloprid
0.39
13%
Thiamethoxam
N.D.
N.D.
Clothianidin
14.14
100%
V1
Imidacloprid
1.09
13%
Thiamethoxam
N.D.
N.D.
Poncho 250
Clothianidin
N.D.
N.D.
VT
Imidacloprid
0.46
25%
Thiamethoxam
N.D.
N.D.
Clothianidin
37.24
100%
V1
Imidacloprid
2.44
13%
Thiamethoxam
N.D.
N.D.
Poncho 500
Clothianidin
18.55
50%
VT
Imidacloprid
1.31
25%
Thiamethoxam
N.D.
N.D.
Clothianidin
25.50
100%
V1
Imidacloprid
2.66
25%
Thiamethoxam
N.D.
N.D.
Poncho 1250
Clothianidin
9.75
38%
VT
Imidacloprid
0.45
13%
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D. Growth stages sampled at only one location are not included.
V1
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Table 3.6

Mean concentrations of neonicotinoids detected in cotton leaf tissue from
untreated plots at each sampled growth stage across all locations

Growth Stage

Neonicotinoid

Mean Concentration

Percent Positive

Compound

(ppb)

Detection

Clothianidin
1.88
8%
Imidacloprid
4.26
42%
Thiamethoxam
2.84
33%
Clothianidin
N.D.
N.D.
3 Leaf
Imidacloprid
4.35
75%
Thiamethoxam
0.83
13%
Clothianidin
1.72
25%
5 Leaf
Imidacloprid
1.65
33%
Thiamethoxam
1.71
17%
Clothianidin
3.75
13%
7 Leaf
Imidacloprid
0.76
25%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
9 Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
0.17
8%
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D. Growth stages sampled at only one location are not included.
True Leaf
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Table 3.7

Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375 mg/seed)
across all locations

Growth Stage

Mean Concentration
(ppb)

SEM

Percent Positive
Detection

True Leaf

408.68a

71.23

100%

3 Leaf

202.74a

32.98

100%

5 Leaf

63.48b

20.21

88%

7 Leaf

40.56b

15.97

75%

9 Leaf

7.46c

3.12

38%

1st Flower

1.32c

0.49

38%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Growth stages sampled at only one
location are not included.
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Table 3.8

Mean concentration of thiamethoxam detected in cotton leaf tissue at each
growth stage for the Avicta® Duo seed treatment (thiamethoxam 0.34
mg/seed) across all locations

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

True Leaf

1639.67a

312.52

100%

3 Leaf

465.63a

61.41

100%

5 Leaf

116.67b

31.41

92%

7 Leaf

57.01bc

14.39

75%

9 Leaf

21.86c

6.49

67%

1st Flower

2.10d

1.01

33%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Growth stages sampled at only one
location are not included.
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Table 3.9

Treatment

Mean concentrations of neonicotinoids detected in soil from cotton plots at
each sampled growth stage across all locations
Growth

Neonicotinoid

Stage

Compound

Mean
Concentration
(ppb)

Percent Positive
Detection

Clothianidin
10.63
25%
Imidacloprid
4.07
42%
Thiamethoxam
3.09
25%
Untreated
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
0.29
8%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
True Leaf
Imidacloprid
95.48
75%
Thiamethoxam
N.D.
N.D.
Aeris
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
25.11
58%
Thiamethoxam
N.D.
N.D.
Clothianidin
3.07
25%
True Leaf
Imidacloprid
0.43
25%
Thiamethoxam
100.44
67%
Avicta Duo
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
1.69
42%
Thiamethoxam
72.64
58%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D. Growth stages sampled at only one location are not included.
True Leaf
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Table 3.10

Mean concentrations of neonicotinoids detected in soybean leaf tissue from
untreated plots at each sampled growth stage across all locations

Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
1.21
88%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V2
Imidacloprid
0.13
8%
Thiamethoxam
0.92
33%
Clothianidin
N.D.
N.D.
V4
Imidacloprid
0.25
13%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V6
Imidacloprid
0.70
25%
Thiamethoxam
3.78
25%
Clothianidin
N.D.
N.D.
R1
Imidacloprid
0.09
8%
Thiamethoxam
0.43
8%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D. Growth stages sampled at only one location are not included.
VC
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Table 3.11

Mean concentration of thiamethoxam detected in soybean leaf tissue at each
growth stage for the CruiserMaxx® seed treatment (thiamethoxam 0.0778
mg/seed) across all locations

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

VC

3476.25a

847.37

100%

V2

272.80b

102.66

92%

V4

33.175c

30.15

50%

V6

27.15c

17.96

63%

R1

2.16c

0.82

50%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Growth stages sampled at only one
location are not included.
Table 3.12

Mean concentrations of neonicotinoids detected in soybean leaf tissue from
Poncho®/VOTiVO® (clothianidin 0.13 mg/seed) treated plots at each
sampled growth stage across all locations

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

VC

495.73a

176.80

100%

V2

13.55b

6.31

50%

V4

6.17bc

2.97

43%

V6

0.68c

0.68

13%

R1

0.00c

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Growth stages sampled at only one
location are not included.
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Table 3.13

Mean concentrations of neonicotinoids detected in soil from soybean plots
at each sampled growth stage across all locations.

Treatment

Growth

Neonicotinoid

Stage

Compound

Mean
Concentration
(ppb)

Percent Positive
Detection

Clothianidin
0.88
13%
Imidacloprid
0.95
38%
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
5.17
17%
R1
Imidacloprid
1.20
33%
Thiamethoxam
N.D.
N.D.
Clothianidin
0.90
13%
VC
Imidacloprid
N.D.
N.D.
Thiamethoxam
16.44
100%
CruiserMaxx
Clothianidin
0.52
8%
R1
Imidacloprid
0.43
8%
Thiamethoxam
16.35
67%
Clothianidin
29.78
88%
VC
Imidacloprid
1.28
38%
Thiamethoxam
N.D.
N.D.
Poncho/VOTiVO
Clothianidin
28.14
100%
R1
Imidacloprid
1.25
33%
Thiamethoxam
6.58
25%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D. Growth stages sampled at only one location are not included.
VC
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CHAPTER IV
POPULATIONS OF FORAGING HONEY BEES IN MIDSOUTH CROPS

Abstract
In recent years there has been a global decline in populations of both native and
managed pollinators. Pesticides are suggested to be contributing in these declines. A
study was conducted to see when and at what densities honey bees forage in agronomic
crops in the Midsouth. Fields of corn, cotton, and soybean were visually sampled for
foraging honey bees across Arkansas, Mississippi, and Tennessee. Honey bees were
observed at three time intervals and at four distances into each field. Significantly more
honey bees were observed in soybean during the middle of the day than in any other crop
and time interval combination. To limit interactions between pesticides and foraging
honey bees in soybean, pesticides should be applied in the evening rather than at night.
This allows for the most time for the residual activity of pesticides to diminish before
foraging honey bee numbers increase in the middle of the next day.
Introduction
The Midsouth region of the United States consists of Arkansas, Louisiana,
Mississippi, the western portion of Tennessee, and extreme southeastern Missouri.
Agriculture makes up much of the landscape in this region. Corn, cotton, soybean, rice,
wheat, and sorghum are the most prevalent row crops grown in the Midsouth (Table 4.1)
(NASS/USDA 2014). Corn, rice, cotton, and soybean are the most widely grown crops.
Over 60 percent of rice in the Midsouth was planted in Arkansas, and little to none was
grown in the state of Tennessee (NASS/USDA 2014).
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Table 4.1

2014

Planted area for major crops in the Midsouth for 2014.
Corn

Cotton

Soybean

Rice

Wheat

Sorghum

916,210

588,819

3,497,299

953,036

551,385

161,267

All plant areas reported in hectares for each crop (NASS/USDA 2014).
These crops require insecticide applications for protection and aid in achieving
high yields for producers. A wide array of insecticides are applied to treat different crops
for different pests. The most widely used class of insecticide is the neonicotinoids
(AgInfomatics 2014). In the United States, an average of 54.6 million hectares of corn,
cotton, soybean, wheat, and sorghum were treated annually with neonicotinoids from
2010 to 2012 (AgInfomatics 2014). In the Midsouth, 100 percent of corn, 99 percent of
cotton, and over 50 percent of soybean seed are treated with a neonicotinoid seed
treatment (Stewart et al. 2015). Wheat, sorghum, and rice are also frequently treated with
neonicotinoid seed treatments (Stewart et al. 2015). Other classes of insecticides
commonly used in Midsouth crops include: organophosphates, pyrethroids, and others.
There is concern with how these insecticides may be affecting the health of honey bee,
Apis mellifera (L.), colonies that forage in agricultural environments.
Honey bees are kept in all states of the Midsouth (NASS/USDA 2015). They are
kept for honey and wax production, commercial pollination, and queen and package bee
production (Winston 1991). In 2014, the states making up the Midsouth were home to
108,000 honey producing colonies that were valued at around $37.9 million (Table 4.2,
NASS/USDA 2015). These colonies are kept by commercial, part-time, and amateur
beekeepers.
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Table 4.2

Honey Producing Colonies and their Value in States of the Midsouth for
2014.
Honey Producing Colonies

Value of Production

Arkansas

21,000

$2,730,000

Louisiana

48,000

$9,112,000

Mississippi

20,000

$4,502,000

Missouri

12,000

$2,0131,000

Tennessee

7,000

$1,424,000

Midsouth States

108,000

$37,899,000

Only colonies from beekeepers with 5 or more honey producing colonies included.
Colonies reported for Missouri and Tennessee do not represent specific regions
considered part of the Midsouth but the entire states (NASS/USDA 2014).
Commercial pollination services are important to the success of fruit and
vegetable production in the United States. In 2000, the United States Department of
Agriculture (USDA) estimated that commercial honey bee pollination services
contributed around $15 billion per year to the U.S. economy (Pilatic 2012). Bond et al.
(2014) estimated that each state in the Midsouth has less than 8,000 hectares of cropland
pollinated by honey bee pollination services, but commercial pollination services do use
areas in the Midsouth to overwinter their bees. The honey bee has become a revered
species in the Midsouth and has been adopted as the state insect or symbol for all states in
the region.
Beekeepers in North America and Europe are experiencing increased honey bee
colony losses. The United States has seen honey bee populations decline by an average
of 1 percent per year since 1947 (Meixner 2010). Colony losses have averaged 17
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percent to 20 percent per year since the 1990s (Johnson 2010), but colony losses ranged
from 29 percent to 36 percent per year from 2006 to 2010 (vanEngelsdorp et al. 2007,
vanEngelsdorp et al. 2008, vanEngelsdorp et al. 2010, vanEngelsdorp et al. 2011). Since
2004, North America has had fewer managed pollinators than at any other time in the last
50 years (Kluser et al. 2011). Losing some colonies over the winter is not an uncommon
occurrence. Of these colony losses, only some can be attributed to the problematic
condition known as “Colony Collapse Disorder” (vanEngelsdorp et al. 2010).
The term “Colony Collapse Disorder” was first established by United States
honey bee researchers in 2006; although, the condition has been around for many years
before then (Pilatic 2012). The condition is characterized by the hive being suddenly
empty of adult bees with no sign of dead bees near the hive (Johnson 2010). Usually the
hive will contain adequate supplies of food, brood, and the queen is still present within
the hive (Kluser et al. 2011). Colony collapse disorder is believed to be caused by
several factors which include: pathogens, parasites, environmental stressors, bee
management stressors, poor nutrition, and pesticides (Johnson 2010).
Honey bees are suspected of coming into contact with agricultural pesticides
when foraging near recently treated fields (Krupke et al. 2012). Hives placed on field
edges can be accidently sprayed as pesticides are applied to fields by airplanes, but those
bee kills are considered incidental and not a part of Colony Collapse Disorder. The
concern is not with direct kills of individual bees by direct exposure, but with potential
chronic effects caused by the exposure of foraging honey bees to sublethal doses (Krupke
et al. 2012). These sublethal doses of pesticides may enter the hive on exposed honey
bees and affect their ability to perform important behaviors and tasks crucial for colony
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success (Krupke et al. 2012). To reduce chemical exposure to honey bees that forage in
agricultural fields, some have suggested applying pesticides at night (Atkins 1978) which
is logistically impossible in many situations.
To limit pesticide interactions with honey bees, scientists have studied honey bee
usage of agronomic crops. Honey bees require amino acids and proteins for nutrition;
nectar provides amino acids, but pollen is heavily relied on as a protein source (Höcherl
et al. 2012). Honey bees are also provided carbohydrates through nectar (Severson and
Erickson 1984). Honey bee foraging activity is dependent on peak nectar production
periods of target floral species (Moore et al. 1989).
Corn, Zea mays (L.), is not dependent on insect pollination (Mason and Tracewski
1982). Corn pollen is collected by honey bees when better pollen sources are not
available (Keller et al. 2005, Mason and Tracewski 1982). During mid-summer in
Delaware, Mason and Tracewski (1982) found that honey bees collected corn pollen from
6:00 A.M. to 3:00 P.M. with a peak abundance of honey bees foraging between 9:00 and
10:00 A.M. This coincided with the peak pollen shedding period.
Cotton, Gossypium hirsutum (L.), pollen is unattractive to honey bees and rarely
collected, but they will actively forage nectar from cotton flowers and extra-floral
nectaries located under cotton leaves (Vaissière and Vinson 1994, Vansell 1944). In
Arizona, Eisikowitch and Loper (1984) found that honey bees visited cotton most
frequently between the hours of 10:00 A.M. to 3:00 P.M. Extra-floral nectar is available
before the flowers bloom and foraging honey bees searched for it before flowers opened
(Eisikowitch and Loper 1984). Once floral nectar became available, honey bees
preferred floral nectaries (Eisikowitch and Loper 1984). Floral nectar secretion was
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delayed about two hours after anthesis and became available around 8:00 A.M. and
increased in quantity until about 5:00 P.M (Eisikowitch and Loper 1984). Honey bees
switched back to extra-floral nectar as floral nectar secretion decreased later in the day
(Eisikowitch and Loper 1984).
The nectar of the soybean, Glycine max (L.), plant is of a relatively high quality,
but there is only a small amount in each soybean flower (Jaycox 1970). Soybean nectar
production is dependent on climatic and edaphic factors (Erickson 1975) and can vary
between different cultivars (Severson and Erickson 1984). Nectar production decreases
during the day as relative humidity decreases (Severson and Erickson 1984). Jaycox
(1970) and Lent (1934) reported honey bees collecting pollen from soybean flowers but
witnessed limited honey bee soybean visitation. In order to determine when and at what
densities honey bees forage in crops in the Midsouth, an experiment was designed
focused around corn, cotton, and soybean fields in the states of Arkansas, Mississippi,
and Tennessee.
Materials & Methods
An experiment was conducted in the 2013 growing season to determine when and
at what densities honey bees visit agronomic crops across the Midsouth region of the
United States. Commercial fields of cotton, corn, and soybean were scouted for foraging
honey bees in Arkansas, Mississippi, and Tennessee. Fields were randomly selected
throughout the agricultural regions of each state. A total of 80 fields were sampled: 27
corn fields, 36 cotton fields, and 17 soybean fields. The variety types and pesticide
histories for each field are unknown. Corn fields were sampled when pollen was
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shedding from anthers on the tassels of each plant. Cotton was surveyed when flowers
were present on each plant. Soybean was sampled when flowers were present.
For each field, transects were established at 4 distances from the field edge. Each
transect was 5 rows wide by 50 meters long. One transect was designated at the field
edge, and the rest were established at 20, 50, and 100 meters away from the field edge.
The distance into the field was measured from the first row of the field edge to the first
row of each transect. To confirm that the distances were accurate, a Bushnell® Sport 550
Rangefinder (Bushnell Corporation, Thomasville, Georgia) was used. Each field selected
had to be at least 250 meters wide and 250 meters long so that the transect placement was
the appropriate distance from the sampled field edge and not within 100 meters of any
other field edges. Scouting consisted of three observers each slowly walking 50 meters
of a single row and counting the number of honey bees within the field using a hand
counter similar to the method described by McGregor (1959).
Observers carefully walked and counted foraging honey bees along each transect
without disturbing them and affecting their foraging behavior. An unchecked planted
row was used as a buffer between each observer. The number of honey bees was
recorded at each distance. Each field was scouted at three time intervals in the day:
Morning, Mid-day, and Evening. “Morning” was defined as the three hours immediately
after sunrise. “Evening” was defined as the three hours immediately before sunset.
”Mid-day” was defined as the time interval between 11:30 AM to 1:30 PM (C.T.). In
some instances, scouting specific fields during all three time intervals in one day was
impossible, resulting in an unbalanced data set. Field data were also taken that included
the crop growth stage and row spacing width. The visually counted data were recorded
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as the number of honey bees per 50 meters of row. Visually counted data were converted
into the number of foraging honey bees per hectare using the 50 meter transect length and
the row width obtained from each field.
The experimental design was a split-split plot design. The visually counted data
had a non-normal distribution, so a data transformation was performed. The natural log
of each visual count was taken after adding one to each total to account for when zero
honey bees were recorded. The transformed data were analyzed with analysis of variance
using PROC GLIMMIX of SAS (Version 9.3, SAS Institute, Cary, NC). Data were
analyzed over all states and locations in the Midsouth. Crop, time of day, distance from
the field edge, and the interaction between crop and time of day were fixed effects in the
model. Other interactions were tested in the model but were removed after proving to be
not significant. Field and field nested in distance by time were designated as random
effects. Degrees of freedom were calculated using the Kenwood-Rogers method. Means
for the natural log transformed data were calculated using the LSMEANS statement and
separated based on Fisher’s protected least significant difference (α = 0.05). Means for
the foraging honey bees per hectare data were calculated using PROC MEANS and
separated based on the differences in the natural log transformed means.
Results
The mean number of foraging honey bees observed per hectare was impacted by
an interaction between crop and time of day (F = 9.90; df = 4, 399.1; P <0.01) (Figure
4.1). This interaction results from the difference in the mean number of foraging honey
bees observed per hectare in soybean at the mid-day time interval and those observed in
all other crop and time interval combinations. There were no significant differences in
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mean number of foraging honey bees per hectare between time intervals in corn and time
intervals in cotton. There were significantly less foraging honey bees per hectare
observed in soybean during the morning time interval than in soybean during mid-day
and in cotton during all time intervals. Significantly more honey bees per hectare were
observed in cotton in the mid-day and evening time intervals than in soybean during the
evening time interval. There were no significant differences in the mean number of
foraging honey bees observed per hectare between distances into the field (F = 0.95; df =
3, 357.1 P =0.41) (Figure 4.2).
Discussion
Foraging honey bees were observed in significantly higher numbers in soybean
fields during the middle of the day than in any other crop at any other time. There were
no significant differences in the number of honey bees observed between time intervals in
corn and between time intervals in cotton. Soybean nectar and pollen (Jaycox 1970) and
cotton nectar (Vaissière and Vinson 1994, Vansell 1944) are readily collected by honey
bees; whereas, corn (Keller et al. 2005, Mason and Tracewski 1982) and cotton pollen
(Vaissière and Vinson 1994, Vansell 1944) are not preferred when other pollen sources
are available. Honey bee foraging behavior is influenced by peak nectar flow of host
plant species (Moore et al. 1989). Midsouth soybean plants could have been producing
the highest rates of nectar during the middle of the day.
Unlike Mason and Tracewski (1982), who found that honey bees in Delaware
collected corn pollen most frequently in the morning, no significant differences were
observed in the time in which honey bees collect pollen Midsouth corn. Not many honey
bees were observed collecting corn pollen in the Midsouth. There were no observations
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of foraging honey bees in corn during the morning or evening time intervals. A more
preferred pollen source could have been near the sampled corn fields keeping them from
collecting the corn pollen.
Similar to Eisikowitch and Loper (1984), honey bees in the Midsouth were
observed collecting nectar from both floral and extra-floral nectaries. Eisikowitch and
Loper (1984) saw the most foraging honey bees in Arizona cotton during the middle of
the day. In the Midsouth, there were no significant differences in the number honey bees
foraging in cotton at different times in the day.
Foraging honey bees were not frequently observed (Table 4.3). Twenty-three
percent of soybean fields observed during the Mid-Day time interval contained at least
one foraging honey bee. This was the highest percent positive detection of all crop and
time intervals. Cotton fields never had more than 10 percent positive detections
throughout the day. Corn fields only saw foraging honey bees during the Mid-Day and
that was only in 2 percent of all corn fields sampled during that time interval.
To limit interactions with foraging honey bees in soybean fields in the Midsouth,
pesticides could be applied in the afternoon, three hours prior to sunset. This would
prove to be a safer and more effective way to limit contact between honey bees and
pesticides than night spraying. When applied in the evening, the residual activity of
pesticides would have more time to dissipate and break down from the evening hours to
the middle of the next day when peak foraging numbers increase. All pesticides should
be applied in accordance to the label of each product.
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Table 4.3

Percent Positive Detection of Foraging Honey Bees in each Crop at each
Time Interval

Crop

Corn

Cotton

Soybean

Percent Positive Detection

Time Interval
Morning

0%

Mid-Day

2%

Evening

0%

Morning

6%

Mid-Day

10%

Evening

4%

Morning

0%

Mid-Day

23%

Evening

2%

Percent positive detections reflect the percentage of positive honey bee observations in
each crop at each time interval
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Figure 4.1

Mean number of foraging honey bees observed per hectare in each crop at
each time interval

Letters assigned based on statistical analysis of natural log transformed data. Means
followed by the same letter are not significantly different (α=0.05). Error bars indicate
standard error of the mean.
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Figure 4.2

Mean number of foraging honey bees observed per hectare at each distance

Letters assigned based on statistical analysis of natural log transformed data. Means
followed by the same letter are not significantly different (α=0.05). Error bars indicate
standard error of the mean.
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CHAPTER V
SUMMARY

Honey bees in agricultural regions of the Midsouth can potentially be exposed to
neonicotinoid compounds during the planting process. Clothianidin from treated corn
seed was found to drift to at least 100 m downwind of planting equipment. In scenarios
where producers make several consecutive passes with the planter, the potential
contamination of neighboring flowering vegetation is increased with every pass.
Different clothianidin rates and different seed lubrication products did not reduce the
amount of clothianidin drifting downwind.
Another potential exposure route for honey bees and neonicotinoids is through the
collection of potentially contaminated pollen from corn plants treated with high rates of
clothianidin. Pollen and nectar from flowers from treated cotton and soybean plants pose
little to no threat to expose foraging honey bees to neonicotinoids from seed treatments.
Extra-floral nectar from neonicotinoid seed treated cotton plants may expose foraging
honey bees to contaminated nectar during early growth stages of the plant.
Honey bees forage in larger densities in soybean fields during the middle of the
day than in the morning or evening or in corn and cotton fields. Distance within the field
does not affect the density of foraging honey bees within those three crops. Corn was not
frequently visited by honey bees in the Midsouth, so exposure to contaminated pollen
from neonicotinoid treated corn plants is not a major threat. Pesticide applications made
in soybean fields could be applied in the evening to reduced exposure to foraging honey
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bees. This would give the residual insecticidal activity of the pesticides time to diminish
before foraging honey bee numbers increase during the middle of the next day.
To reduce exposure of neonicotinoids from seed treatments to foraging honey
bees in the Midsouth, beekeepers can keep honey bees away from agricultural fields
during planting. Other solutions to reduce exposure during planting could be through
altering the planter vacuum systems or seed coatings to reduce drift. After fields are
planted, beekeepers who use agricultural fields as a nectar source can move their bees
near the fields. It is important that beekeepers and agricultural row crop producers work
together to reduce pesticide exposure to honey bees.
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APPENDIX A
SUPPLEMENTAL DATA FOR CHAPTER III
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The following tables are based on results from an analysis of variance that was
conducted for each neonicotinoid compound detected in crop tissue for each treatment at
each location at each sampled growth stage using PROC GLIMMIX of SAS (Version
9.3, SAS Institute, Cary, NC). Data were transformed using a log transformation and
sorted by location and treatment. The sampled growth stage was the fixed effect in the
model, and rep was designated as a random effect. Degrees of freedom were calculated
using the Kenwood-Rogers method. Means were calculated using the LSMEANS
statement and separated based on Fisher’s protected least significant difference (α =
0.05). Means are presented as parts per billion of each neonicotinoid detected.
Table A.1

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed) in Starkville, MS

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

3640.00a

253.48

100%

V3

649.5b

93.00

100%

V5

66.38c

4.98

100%

V7

30.05d

4.95

100%

V10

0.75e

0.75

25%

VT

0.00e

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 403.95; df = 5, 15; P < 0.01).
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Table A.2

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed) in Starkville, MS

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

7720.00a

656.92

100%

V3

1400.00b

173.78

100%

V5

181.75c

22.50

100%

V7

70.275d

8.55

100%

V10

7.30e

2.63

75%

VT

0.00f

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 161.45; df = 5, 18; P < 0.01).
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Table A.3

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed) in Starkville,
MS

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

4552.50a

1725.71

100%

V3

2757.50a

225.55

100%

V5

663.75b

85.95

100%

V7

246.75c

38.10

100%

V10

79.80d

16.33

100%

VT

14.55e

4.85

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 71.24; df = 5, 18; P < 0.01).
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Table A.4

Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots in Starkville, MS at each sampled growth stage

Growth Stage

Neonicotinoid

Mean Concentration Percent Positive

Compound

(ppb)

Detection

Clothianidin
113.30
100%
Imidacloprid
4.65
100%
Thiamethoxam
114.68
100%
Clothianidin
11.60
75%
V3
Imidacloprid
1.80
50%
Thiamethoxam
13.53
100%
Clothianidin
3.18
25%
V5
Imidacloprid
2.65
75%
Thiamethoxam
7.00
100%
Clothianidin
N.D.
N.D.
V7
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V10
Imidacloprid
N.D.
N.D.
Thiamethoxam
0.30
25%
Clothianidin
N.D.
N.D.
VT
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V1
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Table A.5

Mean concentrations of neonicotinoids detected in soil from corn plots in
Starkville, MS at each sampled growth stage

Treatment

Growth

Neonicotinoid

Stage

Compound

Mean
Concentration
(ppb)

Percent Positive
Detection

Clothianidin
5.25
75%
Imidacloprid
4.80
50%
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
N.D.
N.D.
VT
Imidacloprid
0.78
25%
Thiamethoxam
N.D.
N.D.
Clothianidin
7.33
100%
V1
Imidacloprid
2.18
25%
Thiamethoxam
N.D.
N.D.
Poncho 250
Clothianidin
N.D.
N.D.
VT
Imidacloprid
0.93
50%
Thiamethoxam
N.D.
N.D.
Clothianidin
16.85
100%
V1
Imidacloprid
4.88
25%
Thiamethoxam
N.D.
N.D.
Poncho 500
Clothianidin
16.75
50%
VT
Imidacloprid
2.63
50%
Thiamethoxam
N.D.
N.D.
Clothianidin
26.50
100%
V1
Imidacloprid
5.33
50%
Thiamethoxam
N.D.
N.D.
Poncho 1250
Clothianidin
11.00
50%
VT
Imidacloprid
0.90
25%
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V1
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Table A.6

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed) in Stoneville,
MS

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

214a

26.60

100%

V4

15.13bc

5.97

100%

V5

14.75bc

5.00

75%

V7

28.83b

5.01

100%

V10

12.63bc

1.55

100%

R1

7.83c

2.24

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 10.47; df = 5, 18; P < 0.01).
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Table A.7

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed) in Stoneville,
MS

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

292.25a

28.68

100%

V4

50.08bc

13.30

100%

V5

57.78b

5.86

100%

V7

60.65b

12.24

100%

V10

26.45c

5.13

100%

R1

12.33d

3.75

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 29.21; df = 5, 15; P < 0.01).

92

Table A.8

Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed) in Stoneville,
MS

Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

869.75a

72.99

100%

V4

120.95b

36.16

100%

V5

98.68bc

14.99

100%

V7

57.50cd

23.10

75%

V10

61.05bcd

5.92

100%

R1

22.83d

3.38

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 7.84; df = 5, 18; P < 0.01).
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Table A.9

Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots in Stoneville, MS at each sampled growth stage

Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
64.48
100%
Imidacloprid
N.D.
N.D.
Thiamethoxam
59.83
100%
Clothianidin
N.D.
N.D.
V4
Imidacloprid
N.D.
N.D.
Thiamethoxam
4.13
75%
Clothianidin
N.D.
N.D.
V5
Imidacloprid
N.D.
N.D.
Thiamethoxam
6.28
100%
Clothianidin
5.475
100%
V7
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
1.68
50%
V10
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V1
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Table A.10 Mean concentrations of neonicotinoids detected in soil from corn plots in
Stoneville, MS at each sampled growth stage
Treatment

Growth
Stage

Neonicotinoid Mean Concentration Percent Positive
Compound

(ppb)

Detection

Clothianidin
5.65
75%
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
12.73
100%
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
20.95
100%
V1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Poncho 250
Clothianidin
13.00
100%
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
57.63
100%
V1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Poncho 500
Clothianidin
9.65
50%
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
24.50
100%
V1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Poncho 1250
Clothianidin
50.18
75%
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V1
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Table A.11 Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 250 (clothianidin 0.25 mg/seed) in Jackson, TN
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

1021.75a

191.37

100%

V5

16.58b

6.93

75%

V10

23.18b

3.05

100%

VT

23.90b

2.80

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 27.92; df = 3, 9; P < 0.01).
Table A.12 Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 500 (clothianidin 0.50 mg/seed) in Jackson, TN
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

1347.50a

538.07

100%

V5

29.90b

6.21

100%

V10

33.10b

8.83

100%

VT

45.93b

9.62

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 23.38; df = 3, 9; P < 0.01).
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Table A.13 Mean concentration of clothianidin detected in corn leaf tissue at each
growth stage for Poncho® 1250 (clothianidin 1.25 mg/seed) in Jackson, TN
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V1

4407.50a

707.01

100%

V5

159.25b

23.41

100%

V10

47.88c

18.56

75%

VT

127.60b

12.66

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 17.47; df = 3, 9; P < 0.01).
Table A.14 Mean concentrations of neonicotinoids detected in corn leaf tissue from
untreated plots in Jackson, TN at each sampled growth stage
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
16.05
100%
Imidacloprid
N.D.
N.D.
Thiamethoxam
6.88
100%
Clothianidin
N.D.
N.D.
V5
Imidacloprid
N.D.
N.D.
Thiamethoxam
15.28
100%
Clothianidin
N.D.
N.D.
V10
Imidacloprid
N.D.
N.D.
Thiamethoxam
1.03
25%
Clothianidin
N.D.
N.D.
VT
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V1
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Table A.15 Mean concentrations of neonicotinoids detected in soil from corn plots in
Jackson, TN at each sampled growth stage
Treatment

Growth

Neonicotinoid

Stage

Compound

Mean Concentration Percent Positive
(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
N.D.
N.D.
VT
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
16.425
75%
V3
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Poncho 250
Clothianidin
N.D.
N.D.
VT
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
68.80
100%
V3
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Poncho 500
Clothianidin
20.35
50%
VT
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
274.50
100%
V3
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Poncho 1250
Clothianidin
8.5
25%
VT
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V3
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Table A.16 Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375 mg/seed) in
Starkville, MS
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

True Leaf

868.00a

54.72

100%

3 Leaf

273.00b

4.30

100%

5 Leaf

156.25bc

31.27

100%

7 Leaf

108.53c

21.02

100%

9 Leaf

27.80d

2.98

100%

1st Flower

2.75e

1.28

75%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 90.16; df = 5, 15; P < 0.01).
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Table A.17 Mean concentration of thiamethoxam detected in cotton leaf tissue at each
growth stage for the Avicta® Duo seed treatment (thiamethoxam 0.34
mg/seed) in Starkville, MS
Growth Stage

Mean Concentration
(ppb)

SEM

Percent Positive
Detection

True Leaf

2785.00a

106.18

100%

3 Leaf

610.25b

57.80

100%

5 Leaf

243.50c

35.94

100%

7 Leaf

90.48d

5.69

100%

9 Leaf

44.88e

10.45

100%

1st Flower

0.00f

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 409.86; df = 5, 18; P < 0.01).
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Table A.18 Mean concentrations of neonicotinoids detected in cotton leaf tissue from
untreated plots in Starkville, MS at each sampled growth stage
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
5.65
25%
Imidacloprid
9.33
75%
Thiamethoxam
8.05
75%
Clothianidin
N.D.
N.D.
3 Leaf
Imidacloprid
1.28
50%
Thiamethoxam
1.65
25%
Clothianidin
5.15
75%
5 Leaf
Imidacloprid
4.95
100%
Thiamethoxam
5.13
50%
Clothianidin
N.D.
N.D.
7 Leaf
Imidacloprid
1.53
50%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
9 Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
0.50
25%
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
True Leaf

101

Table A.19 Mean concentrations of neonicotinoids detected in soil from cotton plots in
Starkville, MS at each sampled growth stage
Treatment

Growth

Neonicotinoid

Stage

Compound

Mean Concentration Percent Positive
(ppb)

Detection

Clothianidin
31.90
75%
Imidacloprid
10.20
75%
Thiamethoxam
9.275
75%
Untreated
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
0.875
25%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
True Leaf
Imidacloprid
2.35
75%
Thiamethoxam
N.D.
N.D.
Aeris
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
1.425
50%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
True Leaf
Imidacloprid
2.425
75%
Thiamethoxam
45.725
100%
Avicta Duo
Clothianidin
1.60
25%
1st Flower
Imidacloprid
1.275
75%
Thiamethoxam
2.65
25%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
True Leaf
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Table A.20 Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375 mg/seed) in
Stoneville, MS
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

True Leaf

331.00a

24.83

100%

3 Leaf

184.00ab

23.51

100%

5 Leaf

78.05b

47.79

100%

7 Leaf

12.38c

5.41

75%

9 Leaf

2.03c

1.20

50%

1st Flower

2.53c

0.90

75%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 22.42; df = 5, 18; P < 0.01).
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Table A.21 Mean concentration of thiamethoxam detected in cotton leaf tissue at each
growth stage for the Avicta® Duo seed treatment (thiamethoxam 0.34
mg/seed) in Stoneville, MS
Growth Stage

Mean Concentration
(ppb)

SEM

Percent Positive
Detection

True Leaf

1780.00a

247.69

100%

3 Leaf

321.00b

17.77

100%

5 Leaf

15.08c

5.16

75%

7 Leaf

23.55c

13.68

50%

9 Leaf

0.00d

0.00

0%

1st Flower

0.00d

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 36.40; df = 5, 15; P < 0.01).
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Table A.22 Mean concentrations of neonicotinoids detected in cotton leaf tissue from
untreated plots in Stoneville, MS at each sampled growth stage
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
3.45
50%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
3 Leaf
Imidacloprid
7.43
100%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
5 Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
7.50
25%
7 Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
9 Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
True Leaf
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Table A.23 Mean concentrations of neonicotinoids detected in soil from cotton plots in
Stoneville, MS at each sampled growth stage
Treatment

Growth
Stage

Neonicotinoid Mean Concentration Percent Positive
Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
0.93
25%
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
True Leaf
Imidacloprid
2.13
50%
Thiamethoxam
N.D.
N.D.
Aeris
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
23.88
75%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
True Leaf
Imidacloprid
2.65
50%
Thiamethoxam
128.70
50%
Avicta Duo
Clothianidin
4.95
25%
1st Flower
Imidacloprid
N.D.
N.D.
Thiamethoxam
101.13
75%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
True Leaf
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Table A.24 Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375 mg/seed) in
Marianna, AR
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

True Leaf

180.75a

11.30

100%

5 Leaf

16.05b

3.79

100%

9 Leaf

0.00c

0.00

0%

1st Flower

0.00c

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 347.02; df = 3, 12; P < 0.01).
Table A.25 Mean concentration of thiamethoxam detected in cotton leaf tissue at each
growth stage for the Avicta® Duo seed treatment (thiamethoxam 0.34
mg/seed) in Marianna, AR
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

True Leaf

354.00a

83.07

100%

5 Leaf

91.43b

22.76

100%

9 Leaf

20.70c

4.15

100%

1st Flower

6.30d

1.54

100%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 87.89; df = 3, 9; P < 0.01).

107

Table A.26 Mean concentrations of neonicotinoids detected in cotton leaf tissue from
untreated plots in Marianna, AR at each sampled growth stage
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
N.D.
N.D.
Thiamethoxam
0.48
25%
Clothianidin
N.D.
N.D.
5 Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
9 Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
True Leaf
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Table A.27 Mean concentrations of neonicotinoids detected in soil from cotton plots in
Marianna, AR at each sampled growth stage
Treatment

Growth

Neonicotinoid

Stage

Compound

Mean Concentration Percent Positive
(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
1.08
25%
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
True Leaf
Imidacloprid
70.85
50%
Thiamethoxam
N.D.
N.D.
Aeris
Clothianidin
N.D.
N.D.
1st Flower
Imidacloprid
261.13
100%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
True Leaf
Imidacloprid
N.D.
N.D.
Thiamethoxam
43.50
25%
Avicta Duo
Clothianidin
2.65
25%
1st Flower
Imidacloprid
N.D.
N.D.
Thiamethoxam
197.55
100%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
True Leaf
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Table A.28 Mean concentration of imidacloprid detected in cotton leaf tissue at each
growth stage for the Aeris® seed treatment (imidacloprid 0.375 mg/seed) in
Jackson, TN
Growth Stage

Mean Concentration
(ppb)

SEM

Percent Positive
Detection

True Leaf

255.00a

14.04

100%

3 Leaf

151.23b

93.53

100%

5 Leaf

3.55c

2.27

50%

7 Leaf

0.78cd

0.45

50%

9 Leaf

0.00d

0.00

0%

11 Leaf

0.00d

0.00

0%

1st Flower

0.00d

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 55.16; df = 6, 21; P < 0.01).
Table A.29 Mean concentration of thiamethoxam detected in soybean leaf tissue at each
growth stage for the CruiserMaxx® seed treatment (thiamethoxam 0.0778
mg/seed) in Starkville, MS
Growth Stage

Mean Concentration
(ppb)

SEM

Percent Positive
Detection

VC

5695.00a

234.72

100%

V2

94.00b

31.59

75%

V4

0.00c

0.00

0%

R1

1.20c

0.70

50%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 22.75; df = 2, 9; P < 0.01).
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Table A.30 Mean concentration of clothianidin detected in soybean leaf tissue at each
growth stage for the Poncho®/VOTiVO® seed treatment (clothianidin 0.13
mg/seed) in Starkville, MS
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

VC

960.00a

46.00

100%

V2

17.35b

5.90

75%

V4

0.00c

0.00

0%

R1

0.00c

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 65.85; df = 3, 12; P < 0.01).
Table A.31 Mean concentrations of neonicotinoids detected in soybean leaf tissue from
untreated plots in Starkville, MS at each sampled growth stage
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
1.30
100%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V2
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V4
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
VC
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Table A.32 Mean concentrations of neonicotinoids detected in soil from soybean plots
in Starkville, MS at each sampled growth stage
Treatment

Growth

Neonicotinoid

Stage

Compound

Mean Concentration Percent Positive
(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
0.53
25%
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
N.D.
N.D.
R1
Imidacloprid
2.28
50%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
VC
Imidacloprid
N.D.
N.D.
Thiamethoxam
9.08
100%
CruiserMaxx
Clothianidin
N.D.
N.D.
R1
Imidacloprid
1.28
25%
Thiamethoxam
39.68
100%
Clothianidin
29.68
75%
VC
Imidacloprid
1.05
50%
Poncho/
Thiamethoxam
N.D.
N.D.
VOTiVO
Clothianidin
37.05
100%
R1
Imidacloprid
1.43
50%
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
VC
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Table A.33 Mean concentration of thiamethoxam detected in soybean leaf tissue at each
growth stage for the CruiserMaxx® seed treatment (thiamethoxam 0.0778
mg/seed) in Stoneville, MS
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

VC

1257.50a

117.57

100%

V2

707.00a

140.37

100%

V4

66.35b

59.23

100%

V6

54.18b

31.91

100%

R1

3.23c

2.03

50%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 27.75; df = 4, 12; P < 0.01).
Table A.34 Mean concentration of thiamethoxam detected in soybean leaf tissue at each
growth stage for the Poncho®/VOTiVO® seed treatment (clothianidin 0.13
mg/seed) in Stoneville, MS
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

VC

31.45a

7.87

100%

V2

23.30a

17.47

75%

V4

14.40a

1.53

100%

V6

1.35b

1.35

25%

R1

0.00b

0.00

0%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 9.39; df = 4, 11.47; P < 0.01).
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Table A.35 Mean concentrations of neonicotinoids detected in soybean leaf tissue from
untreated plots in Stoneville, MS at each sampled growth stage
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
1.13
75%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V2
Imidacloprid
0.38
25%
Thiamethoxam
2.50
50%
Clothianidin
N.D.
N.D.
V4
Imidacloprid
0.50
25%
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V6
Imidacloprid
1.40
50%
Thiamethoxam
7.55
50%
Clothianidin
N.D.
N.D.
R1
Imidacloprid
0.28
25%
Thiamethoxam
1.28
25%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
VC
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Table A.36 Mean concentrations of neonicotinoids detected in soil from soybean plots
in Stoneville, MS at each sampled growth stage
Treatment

Growth

Neonicotinoid

Stage

Compound

Mean Concentration Percent Positive
(ppb)

Detection

Clothianidin
1.75
25%
Imidacloprid
1.375
50%
Thiamethoxam
N.D.
N.D.
Untreated
Clothianidin
N.D.
N.D.
R1
Imidacloprid
1.325
50%
Thiamethoxam
N.D.
N.D.
Clothianidin
1.80
25%
VC
Imidacloprid
N.D.
N.D.
Thiamethoxam
23.80
100%
CruiserMaxx
Clothianidin
1.55
25%
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
8.78
75%
Clothianidin
29.875
100%
VC
Imidacloprid
1.50
25%
Poncho/
Thiamethoxam
N.D.
N.D.
VOTiVO
Clothianidin
33.325
100%
R1
Imidacloprid
2.325
50%
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
VC
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Table A.37 Mean concentration of thiamethoxam detected in soybean leaf tissue at each
growth stage for the CruiserMaxx® seed treatment (thiamethoxam 0.0778
mg/seed) in Marianna, AR
Growth Stage

Mean Concentration

SEM

(ppb)

Percent Positive
Detection

V2

17.90a

3.49

100%

V6

0.13b

0.13

25%

R1

2.08b

1.46

50%

All concentrations shown are expressed as parts per billion. Means followed by the same
letter are not significantly different at (P ≤ 0.05). Letters assigned based on log
transformed statistics (F = 22.75; df = 2, 9; P < 0.01).
Table A.38 Mean concentration of thiamethoxam detected in soybean leaf tissue at each
growth stage for Poncho®/VOTiVO® (clothianidin 0.13 mg/seed) treated
plots in Marianna, AR
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
V6
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V2
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Table A.39 Mean concentrations of neonicotinoids detected in soybean leaf tissue from
untreated plots in Marianna, AR at each sampled growth stage
Growth

Neonicotinoid

Mean Concentration

Percent Positive

Stage

Compound

(ppb)

Detection

Clothianidin
N.D.
N.D.
Imidacloprid
N.D.
N.D.
Thiamethoxam
0.25
25%
Clothianidin
N.D.
N.D.
V6
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
N.D.
N.D.
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V2
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Table A.40 Mean concentrations of neonicotinoids detected in soil from soybean plots
in Marianna, AR at each sampled growth stage
Treatment

Growth

Neonicotinoid

Stage

Compound

Mean Concentration Percent Positive
(ppb)

Detection

Clothianidin
77.175
75%
Imidacloprid
N.D.
N.D.
Thiamethoxam
1.90
100%
Untreated
Clothianidin
15.50
50%
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
N.D.
N.D.
Clothianidin
3.00
50%
V2
Imidacloprid
2.15
50%
Thiamethoxam
2.78
75%
CruiserMaxx
Clothianidin
N.D.
N.D.
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
0.60
25%
Clothianidin
5.98
75%
V2
Imidacloprid
0.70
25%
Poncho/
Thiamethoxam
60.65
100%
VOTiVO
Clothianidin
14.05
100%
R1
Imidacloprid
N.D.
N.D.
Thiamethoxam
19.75
75%
All concentrations shown are expressed as parts per billion. No detection of compounds
indicated by N.D.
V2
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